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condition.   However,  Moose  CreaK  was  in  a  deplorable  state 
ana  evidence  of  damage  to  the  biota  of  the  Ona^ing  River 
by  heavy  metals  below  Levaci;  was  found.   The  condition  of 
the  Onaping  River  above  its  confluence  with  the  Vermilion 
River  appeared  to  be  reasonably  900a.   Junction  Creek  ana 
four  of  its  five  tributaries  were  heavily  g.  olluteu  by  bot^ 
sanitary  and  industrial  wastes.   The  Prood-Stobie  branch, 
Nolin  Creek,  Co^er  Cliff  Creel;  and  toeatbird  Creek  all 
carried  considerable  aii.ounts  of  neavy  metals  as  well  as 
sanitary  wastes  to  Junction  Creek.   Robinson  Cree*  showed 
evidence  of  only  ii.oderate  organic  enrichment.   The  af  ore  - 
mentioned  streams  did  not  affect  the  Vermilion  River 
adversely.   Even  the  entry  of  the  extremely  polluted 
Junction  Creej;  had  not  altered  the  biota  and  water  quality 
of  the  Verii.ilion  River  to  any  marked  degree,  although  some 
evidence  of  moderate  organic  enrichment  was  a^arent. 
Adequate  dilution  was  responsible  for  preservation  of 
a^arently  good  water  quality,  as  well  as  the  moderating 
influence  and  assimilative  capacity  of  the  Junction  CreeK 
laKe  chain. 

Both  Emery  Creek  and  Coniston  Creek  were  heavily 
polluted  by  industrial  wastes.   Undesirable  concentrations 
of  heavy  metals  were  detected  chemically  and  their  toxic 
effects  were  indicated  in  eacn  case  by  an  impoverished 
bottom  fauna.   Water  quality  on  the  basis  of  chemical 
analyses  was  good  in  tine  Wana^itei  River  at  the  time  of 
the  survey,  but  biological  data  indicated  otherwise  at  several 
stations.   Because  the  Wanaj-itei  River  passes  close  to  the 


SUMMARY  AND  CONCLUSIONS 

A  total  ox   71  stream  stations  ana  21  lakes  in  the 
Sudbury  area  were  examined  in  June,,  193b.   Collections  of 
bottom  fauna  and  water  were  made  from  streams,-  bottom  fauna, 
algae  and  water  were  collected  from  la-ces.   Pertinent 
analyses  or  biological  collections  were  made.   Total  solids, 
calcium,  sulphates,  alkalinity  ant  kii,    organic  nitrogen, 
co^^er,  nickel  ana  iron  were  determinea  and  used  as  indices 
of  til*  degree  of  contamination  of  natural  watercourses  by 
industrial,  sanitary  and  combinea  wastes. 

Mining  anc.  associated  activities  together  with  re 
siuential  developments  are  inclucieci  in  aj.  vroj:imately  200 
square  miles  of  the  heaawaters  of  the  Vermilion  ana  Wanaj-itei 
rivers.   Most  of  the  development  is  on  siualler  tributaries 
of  tiiese  major  rivers  including  the  Roberts  River.  Whitson 
River,  Ona^in-;  River  and  Junction  Creek,  which  are  tributaries 
of  tae  Veriuilion  River  and  Emery  Creak  and  Coniston  Creek, 
tributaries  or  the  Wanax  itei  River.   Twelve  underground 
mines,  two  major  oren  -it  mines,  si>  copper  nickel  mills 
ana  t».ree  smelters,  three  iron  ore  mills  ana  two  sulphuric 
acid  suli-nur  dioxide  by-product  plants  are  locatea  in  the 
area  investigated.   A  total  of  about  125,000  i.eotle  are 
resident  in  the  area,  mostly  in  t.<e  City  of  Sudbury  and 
nearby  towns  of  Cotter  Cliff,  Levack,  Chelmsford,  Lively 
and  Coniston. 

Both  biological  and  chemical  parameters  snowed  that 
the  Roberts  River  and  Whits on  River  were  in  satisfactory 
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Coniston  smelter  anc*  is  not  protected  by  lake  chains  on 
Emery  Creek  or  Coniston  Creek,  tue  Wana^itei  River  may  be 
subject  to  periodic  contamination  by  runoff  carrying  toicic 
elements,  together  with  the  addition  of  industrial  wastes 
in  the  two  creeks . 

Tae  results  of  bioassays  demonstrated  that  aeavy 
metal  concentrations  and  pll  disturbance  are  indeed  toxic 
to  fish  at  levels  found  in  five  streams  in  the  Sudbury  area 
which  were  judged  to  be  most  polluted.   In  some  cases  con 
siderable  dilution  was  required  to  eliminate  toxic  effects 
and  even  greater  dilution  would  be  required  to  minimize 
effects  on  fisa  under  stream  conditions  of  continuous 
exposure. 

No  evidence  of  contamination,  atr:.os1  iieric  or  from 
surface  discharge,  could  be  detected  in  eight  Iar.es  10  to 
20  miles  from  the  nearest  smelter.   Eight  laker-,  within  five 
miles  of  smelters  showed  some  evidence  of  impaired  water 
quality,  particularly  Lady  Macdonald  La.ca  anci  Clarabclle 
Lake,  where  nigu  heavy  ii.etal  concentrations  and  low  pH 
levels  restricted  the  number  of  taxa  and  individuals  in 
both  toe  algae  ^o^ulation  and  bottom  fauna.   Vermilion 
Lake  appeared  to  be  in  good  condition,  but  Kelly  Lake, 
Simon  Lake,  Moose  LaXe  and  Norway  Lake  were  considerably 
polluted.   Because  only  a  small  number  of  lakes  (21) 
were  visited  and  minimal  sampling  was  carried  out,,  these 
data  are  of  limited  value.   However,  t uy toplankton  salaries 
and  bottoiii  fauna  collections  sboula  be  useful  in  tue 
future  surveillance  of  water  quality  in  these  and  other 
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lakes  in  the  Sudbury  area. 

Research  on  tiie  benthic  coiiiiiunities  and  algae 
populations  of  lakes  is  required  to  fully  develop  tnese  at 
parameters  of  water  quality.   Research  is  needed  also  on 
the  ecology  of  the  stream  biota  in  relation  to  heavy  metals 
and  pH  levels  but  particularly  on  ti.e  effects  and  inter- 
actions of  inaustrial  and  sanitary  v/actes  on  the  biota  ana 
chemistry  of  receiving  waters. 

The  Sudbury  area  contains  many  valuable  lake©  and 
streams  and  has  a  large  and  growing  ^o^ulation.   It  is 
fitting,  within  tae  modern  conceits  of  public  health,  t^at 
the  environment  be  protectee*  and,  furthermore,  restored 
to  some  semblance  of  its  former  attractive  anci  useful 
character.   The  Wanat.itei  River  below  Coniston  and  Moose 
Creex  and  the  Onaping  River  in  and  below  Levack  are  waters 
wiiich  require  attention  most  urgently.   T,ie  Vermilion 
River  appeared  to  be  in  reasonably  good  condition,  but  an 
improvement  in  water  quality  throughout  Junction  Creek, 
particularly  through  the  lake  chain,  is  needed.   Additional 
surveys  will  be  required  as  corrective  measures  are 
implemented. 
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Biological  Survey  of  Streams  and  Lakes 
in  the  Sudbury  Area:   1965 


INTRODUCTION 

Aquatic  communities  are  affected  by  pollution  and 
their  property  of  reflecting  past  adverse  environmental  con- 
ditions, even  of  brief  duration,  makes  them  valuable  in 
the  assessment  of  water  quality.   In  this  survey  emphasis  has 
been  placed  on  the  invertebrate  community.   Generally,  the 
community  in  organically  polluted  waters  is  composed  of  large 
numbers  of  a  reduced  number  of  species  which  are  tolerant  of 
low  concentrations  of  oxygen  and  high  concentrations  of  the 
gases  of  decomposition.   Toxic  pollutants  may  have  both 
acute  and  sub-lethal  effects,  which  together  alter  tne 
community  towards  decreased  numbers  of  a  small  number  of 
species.   The  heavy  metals,  particularly  copper  and  nickel, 
are  of  primary  concern  in  the  Sudbury  area.   Disturbance  of 
the  pH  of  the  naturally  poorly  buffered  waters  also  may 
exert  toxic  effects. 

Sampling  of  the  community  is  carried  out  above  as 
well  as  below  a  source  of  waste  water,  and  sampling  sites  are 
selected  in  a  typical  habitat  in  relation  to  hydrologic 
characteristics,  including  the  nature  of  tne  bottom 
materials.   Biological  data  and  physical-chemical  data  are 
complementary  and  the  latter  are  used  in  the  interpretation 
of  possible  causes  for  observed  changes  in  the  community. 


Operations  in  mininy,  milling  and  refining  of  copper, 
nickel  and  other  betse  and  precious  metals  in  the  Sudbury 
area  cover  an  extremely  large  area.   An  area  of  about 
200  square  miles  includes  tne  mines  and  other  mining  de- 
velopments between  Levack  and  Skead.   ?he  effects,   of 
atmospheric  and  river  contamination  probably  spread  beyond 
this  area. 

The  Sudbury  area  has  one  of  the  greatest  concentrations 
of  people  north  of  the  southern  counties  of  Ontario.   There 
are  many  valuable  lakes  and  streams  in  the  area  that  are 
subject  to  pollution  front  municipal  and  complex  industrial 
waste  sources.   Therefore ,  this  preliminary  survey  of  the 
biological  condition  of  lakes  and  streams  was  undertaken. 
Additional  work  must  be  carried  out,  both  in  the  field  and 
in  the  laboratory,  to  determine  the  extent  and  siynificance  of 
the  destruction  of  water  resources  in  the  Sudbury  area. 

GENERAL  DESCRIPTION  OF  THE  AREA 
The  area  is  characterized  by  precambrian  bedrock 
hills  and  ridges  and  drift-filled  valleys  containing  clay, 
silt,  sand  and  gravel  deposits.   The  drainage  is  disordered 
and  consists  of  many  lakes  and  meandering  streams,   two 
major  rivers  drain  the  mining  area.   The  Vermilion  River 
flows  in  a  southwesterly  direction  to  the  Spanish  River 
which  in  turn  flows  into  the  North  Channel  of  Lake  Huron. 
The  Wanapitei  River  flows  in  a  southerly  direction  to  the 
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French  River  and  Georgian  Eay  {Figure  1) . 

Industrial  development  in  the  area  consists  of  12 
underground  mines,  two  major  open-pit  mines,  six  copper- 
nickel  mills,  three  smelters,  one  copper  refinery,  tnree  iron- 
ore  mills  and  two  sulphuric  acid-sulphur  dioxide  plants.   INCO, 
CIL,  Falconbridge  Nickel  Mines  and  Lowphos  Ore  are  tne 
principle  industries.   CIL  produces  by-product  acid  and 
liquid  sulpnur  dioxide  in  cooperation  with  INCO.   The  Lowphos 
iron-ore  mill  and  open-pit  mine  are  independent  of  other 
industry  and  are  located  about  15  miles  north  of  Capreol. 

A  thorougn  description  of  the  municipalities,  in- 
dustries, population,  water  supplies  and  supply  problems  and 
waste  treatment  facilities,  for  both  sanitary  and  industrial 
wastes,  is  provided  in  two  Commission  reports  "Water  Resources 
Survey  of  tne  District  of  Sudbury,  Part  1  a  Survey  of  water 
Resources  and  Stream  Pg lltrhj or.  with_Recott.mended  Programs"  and 
"Part  2  a  Surjs^y_^_inm^txial^Matgj^Use  and  Waste  Disposal." 
The  reader  should  refer  to  these  reports  for  additional 
descriptive  information. 

The  mining  and  related  activities  including  residential 
developments  occur  in  six  smaller  watersheds  (or  parts  of 
watersheds)  tributary  to  tne  two  major  rivers.   The  Roberts 
River,  Onaping  River  (including  hoose  Creek)  Whitson  River 
and  Junction  Creek  are  tributaries  of  the  Vermilion  River. 
JSmery  Creek  and  Coniston  CreeK  are  tributaries  of  the 
Wanapitei  River.   All  mining  wastes  are  confined  to  these  six 
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watersheds  wit,*  the  exception  of  a  mine  presently  under 
development  at  Skead  wnich  has  discharged  mine  wastewater 
to  Massey  Bay  of  Lake  Wanapitei.   Also,  most  of  the  sanitary 
wastes  are  discnarged  to  the  six  watersheds,  though  two 
exceptions  include  treated  sanitary  sewage  from  the  Burwash 
prison  farm,  some  of  which  is  discharged  to  the  lower 
Wanapitei  River,  and  treated  sewage  from  the  Ontario 
Government  buildings  soutn  of  Sudbury  which  goes  to  McFarlane 
Lake. 

METHODS 

Tiie  survey  was  carried  out  in  June,  1965.   A  total  of 
74  stream  stations  was  selected  and  visited,  three  of  which 
were  dry  at  the  time  of  tiie  survey.   Invertebrates  were 
collected,  as  well  as  fish,  whenever  possible.   One  composite 
sample  of  water  was  collected  at  each  stream  station.   Also, 
lakes  were  examined  and  samples  of  the  bottom  fauna  and 
composite  samples  for  chemical  analysis  and  algae  enumeration 
were  collected  at  each  lake.   Bioassays  were  performed  on 
tue  water  from  five  obviously  polluted  streams.  Copper  Cliff 
Creek,  Moose  Creek,  Junction  Creek,  Emery  creek  and  coniston 
Creek. 

Bottom  fauna  of  streams 

One  20 -minute  collection  of  invertebrates  was  made 
from  eacn  of  a  variety  of  habitats  at  eacn  station.   The 
collections  were  examined  in  the  laboratory  and  the  number 
of  individuals  of  each  selected  taxa  was  noted  (mainly  each 
genera  but  tubificids,  midges,  two  other  families  of  flies. 
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and  corixid  larvae  were  eacn  considered  as  one) . 

Fish 

Fish  were  readily  available  only  from  the  smaller 
streams,  except  tne  many  small  streams  where  fish  were 
absent.   Larger  streams  ware  either  not  examined  at  all  or 
not  fished  adequately  to  determine  the  relative  abundance 
of  the  common  species  therein. 

Bottom  fauna  of  lakes 

Several  Ekman-dredge  {9x9  inch)  collections  of 
bottom  deposits  were  made  at  each  lake;  invertebrates  were 
sorted  and  removed  from  tne  sediments  and  subsequently 
examined  in  the  laboratory. 

Lake  phytoplankton  (f raa-f loating  algae) 

One  sample  of  near-surface  water  was  collected 
in  June  at  each  of  21  lakes  for  enumeration  of  phyto- 
plankton.  Phytoplankton  was  concentrated  and  enumerated 
in  the  laboratory.   The  sampling  was  repeated  in  September 
by  personnel  of  the  Sudbury  District  of  the  Department  of 
Lands  and  Forests. 

Water  samples 

A  composite  water  sample  was  prepared  throughout 
the  period  that  the  survey  team  spent  at  each  stream 
station  and  from  several  points  at  each  lake  in  both  June 
and  September. 

Tne  following  analyses  were  perforated  by  the 
Chemistry  Branch  of  the  commission: 

pH  (at  laboratory) 

Alkalinity 

Total  solids 

Calcium 

Sulphate 

Turbidity 

Total  Kjeldanl  nitrogen 

Total  copper 

Total  nickel 

Total  iron 


Sj«2luiu*i.  nitrate::  was  considered  a  general  inde> 
of  enricru.ent  j£  waters  __  organic  wastes  and  was  usact  in 
preference  to  3GQ  (Biock-^icaL  0:y^n  Demand)  because  jf 
th«  txi  «  wic,  vjuIc  uavi  la,..:,.,,  until  t.  _  anal/sic  coulo 
fce  .aud  an,  t  a  presence  of  .^aw  fa  etals  in  .an^  salvias 
Wi.xc:  ia^t  su;vj.;et£  bacterial  aecoi.  position  or"  or  anic 
matter . 

Analyse  for  eopo^r,  nickel  and  iron  included  acid 
ai^estion.   T^rc^i.,  ti.e&e  results  i^arur^;  b^t:,  t.e 
uissolveu  ar,,  colloidal  u.etal  anc  ia.at  adsorbed  or  cou  - 
bm*d  by  particulate  uatfeer.   Several  tc^s  wer^  filterea 
(.^5  u  KPP)  ana  analysis  of  u.otab  v/as  i.aud  on  fcue 
filtrate  as  well  at  wuole  sample,   Tuesa  results  ar^  pre 
sented  at  tui«  poxnt  co  illustrate  the  variable  relationship 
between  solid  and  q.lsj  olvea  ^.Tactions. 


Copper 

Kicj 

eel 

Iron 

watercourse 

Oiss  . 

Fart 

Dut 

a    P  3  X     C. 

Diss 

. Part. 

Copper  cliff  Creek 

.17 

.01 

1.2 

5.9 

0.3 

3.7 

Junction  Creak 

.CO 

.Ot. 

0.5 

3 .  b 

1.0 

0.0 

Moose   Crec. 

.00 

.01 

1.1 

l.i- 

1.8 

1.2 

Con  is  ton  crrio-. 

• 

0.1 

O.y 

iSuery  CrrtsiJi 

.02 

.00 

0.7 

2.7 

'i.b 

2.1 

Susoandeu  solids  wera  determined  as  71  ppi,  in  copper 
Clin  Cree»;#  ?7  par.  in  Junction  Cree  ;#  3  ppil  in  KjoSd  creex, 
j  ppiu  in  Comston  Creek  anc  13  pp*  in  i^ery  Crea...   No 
relationship  was  evident  between  tae  proportion  or  these 
i-etals  which  was  associate  wit.,  particulate  uattar  and 
the  concentration  ox    susp^ndeu  s:oIia£.   Probably  between 
15%  ana  30%  of  tiiu  total  nicicel  was  soluble  but  tae  two 
iron  ana  copper  fractions  showed  no  proportionate  relation - 
amp.   Taareiore,  tua  analyses  of  cooper,  nic  eel  ana  iron 
iuu&t  be  us^u  wxtu,  caution  in  the  intoriaretation  of 
biological  effects  of  ttieSe  ueavy  u^tals. 

Bioa£sa^  of  strear  wat^r 

iSGh  sai.pla  was  Ciilutea  serially  with  Toronto  tap 
water.  Fataeaa  i,innows  were  introduce©  ana  observed  for 
Jo  i*ours.   The  96  ,  our  TLvi  values  whici,  were  calculated 
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indicate  the  aoacentratior.  of  tasted  material  in  diluent 

at  which  just  5074  of  the  test  animals  survived  for  96  hours. 

INTERPRETATION  Or"  BIOLOGICAL  DATA 

Development  cf  biotic  in^.ex  for  streams 

Analyses  of  data  on  stream  bottom  fauna  obtained  in 
the  survey  of  the  Sudbury  area  was  a  difficult  task  because 
of  tne  many  stations  on  many  streams  of  varied  character. 
Atmospheric  pollution,  which  may  spread  from  Copper  Cliff, 
Falconbridge  and  Coniston  over  a  considerable  distance,  adds 
further  to  the  problem  of  interpretation.   In  addition,  the 
interpretation  must  be  made  in  a  precise  and  clear  manner 
if  the  results  are  to  be  of  value  to  otner  workers. 
Therefore,  the  approach  in  this  analysis  has  been  to  compare 
the  number  of  taxa  at  each  station  to  a  series  of  "control" 
stations.   .eleven  control  stations  were  selected  at  distances 
of  10  and  20  miles  from  the  nearest  smelter  which  were 
apparently  not  affected  by  waste  discharges.   However,  some 
atmospheric  contamination  may  nave  occurred,  particularly 
at  the  10-mile  range.   Also,  the  relative  abundance  (few, 
common,  abundant)  of  14  selected  groups,  mainly  orders  and 
families 0  was  used  to  provide  a  general  ciescription  of  the 
composition  of  each  invertebrate  community. 

Table  1  illustrates  the  means  of  describing  communities 
and  serves  to  develop  a  general  biotic  index  with  the  data 
from  control  stations.   An  average  of  12  taxa  was  found  at 


Table  1.   Development  of  data  on  stream  bottom  fauna  at 

11  control  stations  for  interpretative  purposes. 
Explanation  is  included  in  text. 


Invertebrate  groups  Number 

Station   12   3   4 5   6   7   S   9   10   11   12  13   14  of  taxa 

10-1  P     P     P                  P     P  8 

10-2  P             F     C                    F     F        C  C        F        13 

10-3  FFF                    FCFFF  12 

10*4  C      F     F      P                           C                  F  9 

10-S  FFF                     FFFFF  11 

10-6  C             F      F                            C        P  10 

20-1  FFCFFFFP                            F  18 

20-2  FFCF                    FFFFFF  lo 

20-3  FFFFF  5 

20-5  C                    CFPC  F        C        15 

20-S  F     C     F             F     F  17 


Invertebrate  groups  are  as  follows: 

1.  Stonefly  nymphs 

2.  Mayfly  nymphs 

3.  Caddis  larvae 

4.  Damselfly  and  dragonfly  nymphs 

5.  Midge  larvae 

S.  Other  fly  larvae 

7.  Fish  fly  larvae 

8.  Beetle  larvae 

9.  Bugs 

10.  Araphipods  (scuds) 

11.  Leeches 

12.  S.1'"*  ;  *:r~^f>-»**+0ti) 

13.  S.iails 

14.  *»*-  jama  1.1  clams 

F  indicates  1-9;  c,  10- 9S:  A,  100+  individuals  taken  per  unit 
of  effort. 
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ti'ie  control  stations,   A  high  frequency  of  occurrence  was 
characteristic  of  tne  groups,  mayflies,  caddisf lies,  damsel 
and  dragonflies,  bugs,  midges,  amphipods  and  beetle  larvae. 
Leecnes,  sludgeworms,  fingernail  clams  and  snails  were  taKen 
much  less  frequently,  and  only  one  or  two  of  these  groups 
might  be  expected  at  any  station.   Stoneflies,  which  emerge 
as  adults  early  in  the  year,  were  seldom  taken. 

Based  on  this  examination  of  data  from  control 
stations,  collections  at  most  stations  (with  a  great  deal  of 
latitude  for  size,  velocity,  etc.)  should  have  contained 
seven  to  ten  of  the  14  general  groups  of  invertebrates  and  a 
total  of  about  12  taxa  as  defined  for  the  purpose  of  this 
survey. 

A  marked  reduction  in  the  number  of  taxa  present  at 
any  station  indicated  impairment  of  water  quality,   whether 
this  impairment  was  due  to  mining  wastes  or  domestic  wastes 
or  both  was  determined  on  the  basis  of  1.  presence  of  in- 
dustrial and/or  residential  development,  2.  water  chemistry 
and  3.  nature  of  the  variation  in  composition  and  size  of 
the  aquatic  community. 

The  invertebrate  community  subjected  to  heavy  organic 
contamination  consists  of  large  numbers  of  sludgeworms,  midge 
larvae,  bugs  and  often  leeches.   Some  amphipods,  snails, 
fingernail  clams,  beetle  larvae  and  other  fly  larvae  occur 
in  the  presence  of  moderate  organic  pollution.   Often  a  very 
few  species  may  be  present  in  extremely  large  numbers, 
usually  sludgeworms  and  midge  larvae. 
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In  tue  case  of  contamination  by  heavy  metals  some 
differences  £x<m   invertebrate  communities  in  organically 
polluted  waters  will  be  evident.   The  greatest  difference 
will  be  in  the  smaller  nuiibers  of  the  tolerant  organisms 
in  the  presence  of  heavy  metals . 

Tne  amphipods,  snails,  clams  and  leeches  wnich  are 
tolerant  of  organic  pollution  are  intolerant  of  high  concen- 
trations of  heavy  metals  (in  excess  of  0.10  ppm  copper  and 
1.0  to  5.0  ppm  nickel).   Kidges,  sludgeworms,  dragonflies 
and  some  caddisflies  appeared  to  be  tolarant  of  higher 
concentrations  of  heavy  metals.   Midges  are  known  to  be 
tolerant  of  metals,  but  sludgeworms  are  intolerant. 
Possibly  the  presence  of  sludgeworms  at  nigh  concentrations 
of  metals  may  have  been  due  to  the  presence  of  organic 
wastes,  in  which  case  metals  may  have  been  in  a  much  less 
toxic  form  (e.g.  chelated),   a  detailed  examination  of  the 
data,  not  presented  here,  indicated  that  this  hypothesis  was 
probably  quite  true. 

Development  of  biotic  indices  for  lakes 

Two  groups,  the  bottom  fauna  and  phytoplankton,  were 
examined  in  21  lakes  in  the  Sudbury  area.   Data  on  the 
nuinber  of  genera  of  phytoplankton  and  nuniber  of  species  of 
bottom  macroinvertebrates  in  control  lakes  were  compared 
with  data  on  lakes  which  were  potentially  polluted.   The  use 
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ox  tn«  bottom,  fauna  of  laxes  as  a  ^araimeter  of  water 
quality  is  siit  ilar  to  the  usa  of  stream  invertebrates. 
Apparently,  less  it,  ,;nown  of  the  tolerance  of  phytoplanKton 
to  various  levels  anc  combinations  of  ti.ining  anu  domestic 
wastes.   Tne  uata  obtained  xn  the  present  study  will  be 
used  to  develop  the  further  use  of  puy toplankton  to 
indicate  the  i-ressnce  ano.  effects,  of  wastes  of  tne  type 
round  in  the  Suabury  area  and  will  he  reported  elsewhere. 
Of  course,  tue  reservations  pointed  out  previously,  in 
aPpiyi"d  ^easureiuents  of  total  concentrations  of  neavy 
m.etal  to  size  and  col  position  of  aquatic  communities, 
aLjply  to  la.ies  as  well  as  streaius. 

WATER  QUALITY  AT  CONTROL  STATIONS 
Control  stations  were  selected  on  the  basis  of 
absence  of  industrial  ana,  wherever  possible,  domestic  out- 
falls of  all  ty^es  upstream..   Atmospheric  contam  mation 
m.ay  produce  changes  in  water  quality,  probably  particularly 
after  rainfall  and  depending  on  ambient  wind  conditions. 
Station  10-6  certainly  was  affected  toy  contaminated  runoff; 
this  conclusion  is  based  on  water  quality  (Table  2)  and  its 
location  which  was  about  10  m.iles  east  (leeward)  of 
Coniston. 

The  jjH  of  control  waters  varied  from  approximately 
6  to  6  and  alkalinity  f  rou.  7  to  145  pp*. ,  whicii  probably 
reflects  the  natural  range  between  soiuewi.at  aciu  streams 
uraininj  coniferous  bogs  and  alkaline  streams  draininc  till 
plains. 
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Table  2. 

Results 

of  chemical 

analyses  made  on 

,  samp] 

.es  collected  at 

11  "control" 

1  stations  on 

several 
Sudbury 

streams 
area  in 

at  points  ten  miles  and  twenty  miles 
June,  1965.   All  results,  except  for 

from  the  closest 
pH  and  turbidity 

siae! 
are 

Lter  in  the 
expressed 

in  ppm. 

Station 

@  lab 
7.2 

Alkalin: 
8 

ity 

Total 
solids 

Calcium 

Sulphate 

Turbidity 
units 

Total  Kjeldahl 
nitrogen 

Copper 

Nickel 

Iron 

x  20-1 

53 

5 

4 

— 

0.33 

0.00 

0.0 

1.00 

x  20-2 

5.8 

20 

114 

11 

49 

1.5 

1.70 

0.18 

0.1 

1.5 

A   20-3 

7.0 

19 

30 

10 

0 

1.0 

0.43 

0.00 

0.0 

0,32 

&   20-5 

7.1 

41 

158 

14 

50 

12.0 

1.50 

0.00 

0.0 

2.10 

x   20-5 

5.8 

7 

34 

5 

19 

- 

0.40 

0.01 

0.0 

0.30 

K    10-1 

8.3 

9 

90 

8 

120 

4.5 

0.84 

0.00 

0.2 

3.30 

x  10-2 

7.  j 

103 

220 

35 

80 

4.0 

1.30 

0.00 

0.0 

0.52 

K   10-3 

5.2 

7 

98 

5 

71 

2 .  5 

1.10 

0.06 

0.0 

0.93 

<    10-4 

5.5 

43 

514 

15 

80 

2.3 

1.10 

0.02 

0.0 

0.75 

::  10-5 

7.0 

14 

125 

8 

70 

5.5 

1.S0 

0.08 

0.3 

4.50 

;-;  10-5 

145 

1022 

88 

530 

12.5 

1.80 

0.02 

0.0 

3.00 

11 


witi.  Li.e  aj.cej.tion  of  Station  10  -5,    fcue  sulphate 
concentration  wae  100  gpu  or  less  and  the  calcium,  concen- 
tration uas  less  than  36  ppju,   higher  levels  of  sulphate 
are  probably  indicative  of  the  addition  of  it.inin^  or 
luilliny  or  smelting  wastes.   Ti.e  turbiaity  of  control 
waters  was.  generally  less  than  10  ppfo#  and  organic  nicrojen 
varied  between  0.-,  and  l.fe  ^pii . 

Iron  was  present  at  concentrations  between  0.3  and 
«&,5  ppi",  co^er  was  found  at  concentrations  up  to  0.1b  ppia 
(but  was  not  detected  at  one-naif  of  toe   station;.)  and 
nic<;el  was  detected  rarely  anu  ti.en  in  very  si..all  amounts. 

Tiiis  brief  description  of  wacer  quality  at  control 
stations  h.ay  be  used,  bj   coiuarison,  as  a  general  juice  to 
determine  tiie  extent  of  contamination  of  other  waters .   The 
drainage  basin  of  eaCii  stream  should  be  consioereci,  because 
the  nature  of  the  roc^,  overburden  ana  vegetation  may  exert 
a  very  significant  influence  on  ti.e  cheu.ical  characteristics 
of  the  surface  water. 

RESULTS  AND  CONCLUSIONS 
Results  ana  conclusions  are  presented  by  watershed, 
under  whicn  tfee  sources  of  municipal  and  industrial  wastes 
are  described,  survey  findings  are  presented  anci  conclusions 
drawn. 

ROBERTS  RIVER 
Sources  of  uouestic  and  industrial  waste 

Sanitary  sewage  froh  Moose  Mountain  Mine  (Lowphos  Ore 


u 
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ironside 
'lake 


FIGURE    2 


-12- 


Liiuiteai  in  hut,.o:a  Towm  .*ip  is  disposed  of  by  j-ercolation 
in  gravel  -ei-iosits.   All  industrial  wastes  from  the  plant 
are  discharged  to  a  series  of  rour  tailings  ponds  which 
total  300  acres  in  area.   T^e  decant  is  re -used  in  the  mill. 

Biological _axsess|ugnt  of  water  quality 

The  Roberts  River  was  examined  at  points  above  and 
below  the  operation  of  LoWj-hos  Ore  Limited  (Figure  2)  . 
A  total  7t   13  taxa  was  collected  above  anu  17  below;  the 
composition  of  the  bottom  fauna  conj»unity  was  almost  identical 
at  the  two  stations.   Therefore,  there  was  no  evidence  of 
contamination  of  the  Roberts  River  by  this  operation  over 
the  previous  several  months. 

Chemical  ens  r  act  eristics 

Most  of  the  luaterials  analysed  were  present  in  low 
concentrations  both  above  and  below  the  mill  (Table  3, 
following  page  14)  but,  for  some  unknown  reason,  a 
relatively  high  concentration  of  nickel  was  found  above. 
The  quality  ox.   water  was  quite  satisfactory  below. 

Conclusions 

Both  biological  and  chemical  parameters  showed  that 
tue  Roberts  River  was  in  good  condition. 

WHITSOK  RIVSR 
Sources  of  domestic  and  industrial  wastes 

Township  of  Hanmer,  Blezard,  Balfour  and  Rayside 
Doiuestic  wastes  are  treated  in  most  cases  in  septic 
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tanks.   Howov^r,  a  small  activated  sludje  treatment  plant 
serves  a  notel  in  Hanmer  and  the  effluent  yoes  to  a  ditch 
tributary  to  the  Whits on  River,  host  of  the  Whitson 
watersned  is  flat  and  poorly  drained;  therefore,  in  hany 
areas,  particularly  in  the  spring  and  following  heavy  rains, 
septic  tanks  may  overflow  resulting  in  pollution  of  ground 
and  surface  waters. 

Town  of  Chelmsford 

Sanitary  waste  fro*..  Chelmsford  (population  2,605) 
is  discharged  to  a  10  -acre  lagoon  located  in  Balfour 
Township,  which  apparently  has  produced  a  satisfactory 
effluent.   The  outfall  is  to  McKenzie  Creek,  whic*.  flows 
directly  to  the  vermilion  River. 

No  industrial  waste  effluents  enter  tne  Whitson 
River . 

Biological  assessment  of  water  quality 

The  three  collections  taken  from  the  Whitson  River 
were  indicative  of  good  water  quality.   A  total  of  12,  7 
and  19  taxa  were  obtained  at  Stations  1,  2  and  3 
respectively.   No  indication  of  organic  enrichment  was 
evident,  because  midge  larvae  and  sludgeworrus  were  present, 
in  low  numbers  and  several  species  of  mayfly  were  present 

Chemical  characteristics 

Tiie  three  samples  were  very  similar  and  each  indicated 
the  relatively  more  fertile  nature  of  the  Wnitson  River 
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waich  meanders  througu  an  extensive  area  of  till  deposits 
(Table  3).   The  pH  was  relatively  high  at  7.5  to  8.0  as 
was  alkalinity  at  6<i  to  92  ppm  and  total  solids  at  17<±  to 
244  ppm.   Iron  was  found  at  concentrations  less  than  1  ppm, 
but  no  copper  or  nickel  were  detected.   Also,  the  organic 
nitrogen  concentration  was  relatively  low,  about  0.5  ppm. 
The  magnitude  of  these  concentrations  and  similarity  anong 
stations  are  further  evidence  that  water  quality  in  the 
Whits on  River  is  reasonably  good.   (Note,  however,  that  no 
microbiological  studies  were  carried  out,  Which  could  reveal 
undesirable  aspects  of  quality  in  an  otherwise  "clean" 
stream) . 

Conclusions 

The  Whitson  River  appeared  to  be  in  good  condition 
as  indicated  by  a  bottom  fauna  consisting  of  moderate 
nuiobers  of  a  variety  of  taxa  and  by  chemical  analyses. 

OSAPING  RIVJiR 
Sources  of  denies  tic  and  industrial  wastes 

Town  of  LevacK 

Sanitary  waste  in  Levack  (population  3,000)  is 
collected  in  sanitary  sewers  which  direct  the  flow  to  several 
tanks.   Sanitary  waste  from  the  Levack  mine  and  mill  is 
treated  by  septic  tank,  the  effluent  is  mixed  with  nine 
water  and  discharged  to  Moose  CreeK.   Tailings  from  the 
mill  are  discharged  to  Grassy  Lake  located  nortn  of  tne 
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Table  3.    Results  of  chemical  analyses  made  on  samples  collected  at  5  stations  on  the  Roberts  Ri\-r 
and  Whitson  River  in  June,  1955. 


PH  Total  Turbidity  Total  Kjeldahl 

Station   ©  lab  Alkalinity  solids  Calcium  Sulphate  units      nitrogen         Copper   Nickel   iron 


Rl 

7.3 

14 

64 

7 

2 

1.7 

0.2S 

0.0 

2.2 

0.31 

R2 

5.S 

17 

25 

9 

0 

1.8 

0.18 

0.0 

0.0 

0.40 

whi 

7.5 

54 

174 

32 

28 

1.8 

0.58 

0.0 

0.0 

0.  90 

>7h2  • 

7.5 

89 

200 

44 

47 

2.1 

0.52 

0.0 

0.0 

>.70 

Wh3 

8.0 

92 

244 

38 

25 

1.5 

0.45 

0.0 

0.0 

0,79 
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site  and  toe  decant  from  the  tailings  area  is  directed  to 
Grassy  Creek,  which  joins  Moose  Creese  within  Levack 
(Figure  4) . 

Onaping  Improvement  District 

Sewage  from  the  Cnaping  townsite  (population  1,100) 
is  collected  by  sewers  and  treated  in  a  mecnanicaily  - 
aerated,  activated  sludge  plant.   Ti.e  effluent  is  dis- 
charged to  a  swampy  area  which  drains  to  High  Cliff  La^e^ 
thence  to  tiie  Cnaping  River. 

Mine  water  is  pumped  from  tne  shafts  of  the  Hardy - 
Boundary  mines  into  the  Onaping  Ri'.er.   Cnaping  mine  water 
is  directed  to  Gill  pond,  while  Fecunis  Lake  mine  water  is 
puruped  into  Fecunis  Lake.   Tailings  from  the  Hardy  Mill, 
whicii  processes  ore  from  the  Hardy,  Boundary  and  Onaping 
mines,  are  moved  hydraulically  to  a  50 -acre  disposal  area 
north  of  the  mill  which  has  no  apparent  outfall.   pyrrhotite 
concentrate  is  stockpiled  near  the  Hardy  mill  and  significant 
surface  drainage  occurs  fraa  the  area.   Tne  Fecunis  LaKe  mill 
processes  ore  from  the  Onaping  and  Fecunis  Lake  mines  and 
tailings  are  directed  to  Cranberry  La<ca  from  which  the  decant 
flows  into  Moose  Lake. 

Township  of  Levack 

Two  mines  are  located  in  the  township,  the  Stratncona 
mine  wiiich  is  under  development  and  the  Longvack  mine 
which  is  closed.   Septic  tanK  overflow  and  mine  water  pumpage 
are  directed  to  a  swampy  area  tributary  to  the  north  branch 
of  Moose  Creek. 
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Towns. j ip  oi  Dcwlin., 

Tne  settlement  at  Larcuwood,  located  in  the  sandy 
valley  of  the  lower  Onaping  River  {population  900) ,  has 
proceeded  with  septic -tank  treatment  of  sanitary  sewage . 
Apparently,  no  problems  have  been  posed  attributable  to  waste 
disposal  from  this  community. 

Biological  assessment of  water  quality 

Moose  Creek  was  examinee  first  at  Station  0c  near  the 
outlet  of  Moose  iaxe,  a  aecidedly  contaminated  laKe  which 
will  be  discussed  subsequently  in  this  report.   An  inter- 
mediate number  of  eight  taxa,  comprised  nainly  of  very  sriall 
numbers  of  organisms,  indicated  impairment  of  water  quality 
by  toxic  material.   Similar  conditions  were  found  on  tne 
northern  branch  of  Moose  Creek  at  Station  06  between  the 
Stratncona  and  Fecunis  mines.   Cnly  two  taxa  were  collected. 
One  species  of  fish  (the  brook  stickleback,  a  species  tolerant 
of  low  pH  and  characteristic  of  bog  streams)  was  found, 
while  no  fish  nad  been  caught  or  seen  at  Station  04,   No 
improvement  was  noted  at  Station  07  wnere  fish  were  absent  and 
six  taxa  were  found  in  the  invertebrate  collection,  nor 
at  Station  09  which  lacked  fish  and  had  only  three  in- 
vertebrate taxa.   The  presence  of  very  low  numbers  of  a  few 
insects  indicated  toxic  conditions.   Sludgeworms  were  present 
at  Station  07,  possibly  because  of  the  interaction  between 
industrial  and  sanitary  wastes  rendering  the  combined 
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effluents  less  tcocic  than  might  ba  expected, 

Grassy  Creek  enters  Moose  Creek  in  Levack  carrying 
wastes  from  the  tailings  area  and  residential  development. 
It  is  a  foul,  uninhabited  stream,  obviously  heavily  con- 
taminated by  both  organic  and  toxic  industrial  wastes . 
Moose  creak  below  Grassy  Creek  is  heavily  polluted.   Ho 
iisii  and  only  two  invertebrate  taxa  were  collected,   it  is 
in  this  deplorable  condition  that  Moose  Creek  enters  the 
Onaping  River.   Station  Oil  was  examined  on  High  Cliff 
Creek  and,  although  three  species  of  fish  were  taken,  small 
numbers  of  only  three  invertebrate  taxa  were  recorded,  these 
beinj  tolerant  of  toxic  conditions.   Water  quality  appeareu 
to  be  reasonably  good  at  the  time  of  sampling  but  obviously 
toxic  conditions  had  prevailed  earlier. 

At  Station  014,  the  stream  which  drains  Gill  Pond 
appeared  to  be  in  a  clean  state.  Brook  trout  were  taken 
and  the  stream  bottom  fauna  consisted  of  eight  taxa,  all 
insects. 

The  Onaping  River  above  LevacK  was  examined  at 
Station  012,  which  served  also  as  a  control  station  {20-6}. 
Below  Levack,  at  Statiori  013,  fewer  taxa  were  found  and 
tiiese  occurred  in  much  reduced  numbers.   A  total  of  17  taxa 
was  found  at  012  and  seven  at  013.   Some  impairment  in  water 
quality  was  evident,  certainly  not  due  to  organic  wastes 
from  Levack  and  surroundings,  but  likely  because  of  de- 
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creasad  productivity  associated  with  toxic  conditions. 
Because  the  animals  collected  were  insects,  which  are 
generally  more  tolerant  of  heavy  metal  poisoning  than  fish, 
particularly  young  fish,  the  possibility  of  damage  to  the 
fishery  must  not  be  overlooked. 

Further  downstream  at  Stations  015  and  016  a  total  of 
10  and  16  taxa  respectively  were  recorded,  indicating 
improved  conditions.   Sludgaworms  were  present  at  both 
stations  and,  in  the  absence  of  heavy  organic  enrichment 
whicii  would  counteract  the  effects  of  metals,  their  presence 
apparently  indicated  that  only  low  levels  of  heavy  metals 
had  reached  those  points. 

Unfortunately,  fish  populations  could  not  ba  examined 
in  the  Onaping  River  during  the  1965  survey.   Obviously 
additional  studies  on  the  fish  of  the  larger  streams  in  the 
Sudbury  area  are  required. 

Chemical  characteristics 

The  outflowing  water  of  Moose  LaKe  is  cnaracterized 
by  a  depressed  pH,  while  the  heavy  metal  content  is 
similar  to  that  at  control  stations  (Table  4).   Probably 
the  lake  acts  efficiently  in  providing  for  tiie  settlement 
of  metals  together  with  the  Cranberry  Laxe  tailings  area. 
The  toxic  effect  on  the  aquatic  community  probably  is  the 
results  of  a  depression  in  productivity  because  of  the 
acidic  nature  of  the  water.   The  branch  which  received 
drainage  from  the  Strathcona  mine  was  similar,  although 
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i  ,ja   «_   „mniM  collected   at   12   stations   on  the  Onaoing 

Table  4.     R!?ult|nCftCrheSx=?ieanalY|as  -£-«*&  &?&&. 


Total — Turbidity     Total  KJeiciani 


3t,tio„       fla*  Alkalinity     atSds     Calciu™     SulpMt.     mlt*  nitroge„  Copper       «**        Iro, 


04 

4.3 

0 

105 

20 

49 

05 

5.1 

8 

156 

22 

50 

07 

4.2 

0 

230 

38 

137 

03 

4.9 

7 

1255 

232 

- 

09 

3.9 

0 

1145 

124 

321 

010 

4.9 

5 

1050 

189 

im 

Oil 

5.0 

11 

64 

93 

22 

012 

5.8 

7 

34 

5 

19 

013 

5.2 

8 

11 

35 

014 

5.4 

11 

500 

78 

193 

015 

5.1 

5 

75 

IS 

29 

015 

7.2 

10 

105 

24 

9 

1.8 


0.45 

0.00 

0.0 

0.33 

0.00 

2.9 

1.60 

0.27 

2.8 

2.00 

0.05 

0.0 

2.50 

1.88 

8.7 

2.40 

0.05 

14.0 

0.84 

0.01 

0.0 

0.40 

0.01 

o.o 

0.40 

0.00 

<  1 

0.25 

0.01 

3.5 

0.40 

0.00 

4.4 

0.78 

0.00 

0.3 
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at  tne  time  of  the  survey  the  pli  was  less  depressed  and 
nickel  was  present  (2.9  RptttJ  in  the  sample. 

Metal  concentrations  increased  at  Station  07  (0.27 
ppiu  copper,  2.8  ppm  nickel),  the  pK  remained  low  and  a 
greater  concentration  of  nitrogen  indicated  some  organic 
enrichment.   The  heavily  polluted  condition  of  Grassy  Creeic 
was  verified  by  the  following  chemical  analyses:   1256  ppm 
total  solids,  2. 00  ppm  organic  nitrogen,  7.2  ppm  iron  and 
pH  of  4.9.   Moose  Creek  was  quite  acidic  above  and  below 
Grassy  Creek.   The  high  total  solids  and  metals  at  Station  09 
(1146  ppm  total  solids,  1.88  ppm  copper  and  8.7  ppm  nickel) 
was  caused  mainly  by  effluents  from  the  Levack  raine  and  mill 
ana  to  a  much  lesser  degree  by  discnsrges  from  the  Fecunis 
mine  and  mill  which  are  upstream  f  rem*  Station  07  .   Station 
010  was  similarly  contaruinated. 

Hign  Cliff  Creek  water  appeared  to  be  of  normal  com- 
position at  the  time  of  the  survey  while  the  creek  from 
Gill  Pond  showed  greater  concentrations  of  nickel  (3.5  ppm) 
and  sulpliates  (193  ppm)  than  normal.   Both  streams  ware 
inhabited  by  fish  but  the  bottom  fauna  was  restricted, 
particularly  in  the  former.   Both  streams  may  carry  mine 
wastes  to  the  Cnaping  River  periodically,  but  tneir  effect 
certainly  must  be  an  insignificant  one  compared  to  that  of 
Moose  Creek. 

The  cnemistry  of  Onaping  River  water  is  altered  at 
Levack.   The  results  of  chemical  analysis  of  water  from 
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Stations  i)l2s    013.-  015,  016  indicate  that  organic  enrichment 
and  industrial  wastes  together  had  increased  the  nicxei 
concentration  in  the  Onaping  River  (but  not  copper  or  iron) 
and  doubled  tiie  concentration  of  total  solids  (calcium  and 
sulphate  ion  concentration  were  both  approximately  doubled) . 
The  dilution  of  Moose  Creek  water  is  considerable  in  the 
Onaping  River,  about  30  to  40  times,  based  on  flows 
measured  by  the  Water  Quality  Surveys  Branch.   This  ratio 
of  flows  also  is  evident  in  comparing  trie  data  on  total 
solids  and  calcium  at  Station  010  on  Moose  Creek  and 
Stations  012  and  013  on  the  Onaping  River  above  and  below 
the  entry  of  Moose  Creek. 

Conclusions 

The  data  on  water  chemistry  indicated  that  consider- 
able quantities  of  heavy  metals,  iron  and  nickel  particularly, 
were  discharged  from  Moose  Creek  to  the  Cnaping  River.   The 
extremely  poor  condition  of  Moose  Creek  indicated  by  these 
as  well  as  by  earlier  evaluations  of  water  chemistry  was 
verified  by  the  biological  data  obtained  in  June,  1965. 
Also,  some  changes  in  the  biota  in  the  Onaping  River  were 
detected  which  must  be  due  to  periodic  contamination  by 
metals,   organic  wastes  appeared  to  present  no  problems  in 
the  Onaping  River.   Probably  some  damage  to  the  biota  may 
occur  perioaically  immediately  below  Levack  because  of 
contamination  by  metals.   However,  the  condition  of  the 
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Onaping  River  above  its  confluence  witn  the  Vermilion  River 
appeared  to  be  reasonably  good  and  water  quality  in  the 
Vermilion  River  appeared  to  be  little  affected  by  the 
Onapiny  River.   Nonetheless,  the  Onaping  River  itself  is  an 
important  river  and  definitely  has  been  iiapaired  by 
industrial  activities  at  Levack  and  the  immediate  vicintiy. 

JUNCTION  CREEK  AND  TRIBUTARIES 
Sources  of  domestic  and  industrial  waste 

Townships  of  Neelon  and  Garson 

Tne  ri.ain  development  in  the  united  townships  of 
Neelon  and  Garson  (population  5,350)  is  around  the  community 
of  Garson  and  the  Garson  Mine  towns ite,  with  scattered 
development  in  the  outlying  area  (figure  5) .   Garson  and 
tne  towns ite  (population  3,000)  are  served  by  sanitary 
sewers,  an  imhoff  tank  and  a  four-cell  oxidation  pond.   The 
lagoon  effluent  goes  to  Junction  Creek. 

All  mine  drainage  is  pumped  to  the  surface  on  the  mine 
property  and  flows  to  Junctioti  Creek. 

City  of  Sudbury 

Sudbury  (population  78,000)  is  the  source  of  much  of 
the  domestic  and  industrial  waste  in  tiie  Junction  Creek 
watershed.   Although  the  outlying  areas  are  served  by 
private  sewage  disposal  systems,  mucn  of  the  city's  sanitary 
waste  is  collected  in  sewers,  including  a  5-mile  tunnel 
excavated  in  the  rock,  and  discharged  to  Junction  Creek 
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inuuediately  beiow  the  entry  of  Copper  Cliff  Creek.   The 
Sudbury  and  Algoma  Sanatoriuiu  is  served  by  an  activated- 
sludge  sewage  treatment  plant;  the  effluent  is  chlorinated 
and  discnarged  to  Pike  Lake.   Sanitary  waste  froi..  the  Murray 
Mine  and  towns ite  is  treated  in  a  septic  tan;c;  the  effluent 
goes  to  a  swamp,  thence  to  Nolin  Creek  and  Junction  Creek. 
The  Frood  and  Stobie  Mines  are  served  by  septic  tanks  which 
discharge  to  the  Frood  Branch  of  Junction  Creek.   Sanitary 
waste  from  the  Copper  Cliff  North  Mine  and  Clarabeile  open 
pit  mine,  which  are  now  within  tue  City  of  Sudbury,  are  treated 
in  the  Copper  Cliff  sewage  treatment  plant. 

Mine  water  from  the  Frood  and  Stobie  Mines  is  dis- 
charged to  the  Frood  Branch  of  Junction  Creek,  mine  drainage 
from  the  Murray  Mine  goes  to  Junction  CreeK  via  Nolin  CreeK. 
Copper  Cliff  North  Mine  pumps  mine  water  to  copper  Cliff 
CreeK. 

Town  of  Copper  Cliff 

The  municipality  (population  3,600)  is  served  by  an 
activated  sludge  treatment  plant;  the  effluent  is  cnlorinated 
and  discharged  to  Copper  Cliff  Creek.   A  small  plant  serves 
most  of  the  refinery,  while  the  sulphur  dioxide  plant  and 
the  remainder  of  the  refinery  are  served  by  septic  tank. 
The  effluents  go  to  a  tributary  of  Copper  Cliff  Creek. 

Tailings  from  the  mill  are  delivered  to  the  large 
tailings  area  west  of  the  town.   The  overflow  goes  to 
Copper  Cliff  Creek.   All  wastes  from  the  smelter  are  dis- 
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cnarged  via  sewer  soutii  of  tfrie  plant  to  Copper  Cliff  Creek, 
Refinery  industrial  wastes  are  discharged  with  treated 
sanitary  aawaga  t.o  a  tributary  cf  Copper  Cliff  Creek.   CIL!  s 
sulphur  dioxide  plant  discharges  waste  to  an  IKCO  slag 
disposal  area.,  tfreaca  it  flows  to  Copper  Cliff  Cree*:. 

Township  of  waters 

Most  residences  have  septic  tank  disposal  systen.s, 
wiiich  apparently  have  operated  in  a  satisfactory  mmmmx* 
Domestic  sewage  f  res..  INCO'  s  iron  ore  recovery  plant  and 
CIL's  acio  plant  is  treated  in  septic  tanks  and  discharged 
to  a  swanpy  area  wnich  drains  to  Kelly  Lake, 

Tailings  and  process  and  cooling  water  frcui  the  iron 
recovery  plant  are  delivered  to  the  Copper  Cliff  tailings 
disposal  area  north  of  Highway  17.   Cooling  water  frou.  the 
acid  plant  flows  with  the  septic  tank  effluent  to  Kelly  Lake. 
Process  water  is  delivered  to  the  iron  recovery  plant. 

Town  of  Lively 

The  Tcwr.   of  Lively  {population  3,100)  is  served  by 
two  septic  tank  -  leaching  pit  systems  which  discharge  to  a 
tributary  of  ^aatbird  Creek. 

Townships  of  Creighton  and  Snider 

Septic  tank  effluents  frofi*  the  Creighton  towns i to, 
mill  and  part  of  the  luine  are  discharged  to  a  tributary  of 
Mud  LaKe  at  the  source  of  one  branch  of  Meatbird  CreeK. 
One  shaft  discharges  septic  tank  effluent  to  Whitewater  Lake. 

Mine  drainage  is  puiuped  to  Mud  Lai^e,  while  h.ill 
tailings  are  pulped  to  the  Copper  Cliff  tailings  area. 
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Biological  assessment  of  water  quality 

Junction  Creek  rises  in  the  Garson  area  and  at  the 
first,  station  examined,  Jl,  evidence  of  toxic  conditions  was 
found;  only  two  invertebrate  taxa  were  taiien,  both  tolerant 
of  heavy  metals. 

Invertebrate  collections  at  Stations  J2  and  J3  below 
the  Garson  lagoon  were  similar  and  also  indicated  organic 
enrichment ;  five  and  six  taxa,  all  insects,  occurred  at  the 
two  stations  in  substantial  numbers. 

The  Frood  and  Stobie  branches  were  both  heavily  con- 
taminated.  Two  taxa  were  taxen  at  J4,  one  at  J5,  and  one 
at  J6.   Midge  larvae  tolerant  of  both  organic  enrichment 
and  heavy  metals  were  taken  at  the  last  two  stations. 

However,  invertebrate  collections  indicated  somewhat 
better  water  quality  at  Stations  J8  and  J10  on  Junction 
Creex  than  that  indicated  on  the  Frood-Stobie  tributary. 
The  eight  taxa  at  Station  J8  and  six  at  J10  were  similar  to 
those  at  Stations  J 2  ano.  J3  upstream. 

Below  the  entry  of  iiolin  Creek,  ailohg  which  no 
animals  at  all  were  tdken,  water  quality  was  extremely  poor 
because  no  animals  were  collected  at  Station  Jll.   A  slight 
improvement  was  noted  at  Station  Jl3a  immediately  above  the 
confluence  of  Junction  Creek  and  Copper  Cliff  Creek.   Only 
three  taxa  were  collected,  but  worms  were  abundant  indicating 
most  likely  the  neutralization  of  toxic  components  from 
Nolin  Creek  by  organic  wastes  in  Junction  Creek  and 
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additional  wastes  contributed  downs tream. 

Fish  were  taken  in  Junction  Creek  only  at  Stations  J2 
and  J3  and  tnese  were  all  of  one  species,  the  brook  stickle- 
back.  Because  the  creek  at  most  stations  could  be  seined 
easily,  most  of  Junction  Creek  apparently  lacks  fish.   Data 
on  fish  and  invertebrates  indicated  that  water  quality  in 
Junction  Creeiv  progressively  deteriorated  from  its  source 
downstream  through  Sudbury. 

Copper  Cliff  Creek  was  heavily  polluted  and  no 
significant  aquatic  invertebrate  community  existed  at  stations 
Jl2a  and  Jl2b  on  Copper  Cliff  Creek,  at  Station  Jl3b  on 
Junction  Creek  below  the  confluence  but  above  the  Sudbury 
sanitary  sewage  outfall  and  at  Station  Jl4  below  the  outfall. 

Robinson  Creek,  which  flows  from  Ramsey  Lake  through 
Robinson  Lake  to  Kelly  Lake,  was  examined  at  two  stations, 
the  creek  at  Stations  R01  and  Rd2  appeared  to  be  in  good 
condition,  although  there  was  some  evidence  of  moderate 
organic  enrichment.   The  eight  taxa  tdkeh  at  Station  R01 
included  one  mayfly  species,  while  nine  taxa  were  collected 
at  Station  R02. 

Little  improvement  in  water  quality  in  Junction  Creek 
was  indicated  below  Kelly  Lake,  as  only  midge  larvae  were 
collected  at  Station  J1S  and  few  additional  animals  were 
taken  at  Station  Jl9.   Ttie  large  numbers  of  midge  larvae 
and  absence  or  very  small  numbers  of  sludgewonus  in  an 
apparently  suitable  habitat  is  strong  evidence  of  heavy 
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or^anic  enrich  ent  to^etlier  with  substantial  amounts  of 
heavy  metals  ^.elow  Kelly  Lake. 

feteatbird  Greece  drains  the  Creijiiton -Lively  area.   It 
is  polluted  at  its  source  by  botn  sanitary  and  industrial 
wastes.   Tiie  typical  invertebrate  community  of  streams  in 
the  presence  of  considerable  organic  enrichment  ano  metals, 
large  numbers  of  midge  larvae,  was  present  at  Statxon  Mel. 
SoiL.e  improvement  was  indicated  at  Station  Me2,  possibly  be- 
cause of  dilution  of  wastes  by  tiie  tributary  from  Meatbird 
Lake.   Six  faxa  were  collected,  all  insects  tolerant  of 
moderate  toxic  pollution.   Further  downstream  at  Station  Me3 
the  invertebrate  coniuunity  indicated  tuat  toxic  conditions 
had  occurred  without  an_^  evidence  of  organic  enrichment. 
Another  tributary  v/as  examined  at  Station  M4  and  was 
uiaynosed  as  unpolluted.   Keatbird  Cree,c  joins  the  Junction 
Creek  systeiu  at  JViud  Lake. 

Junction  creek  joins  the  Vermilion  River  at  McCharles 
Lake  below  Simon  Lake.   Because  water  quality  in  Junction 
Creek  was  extremely  poor  even  below  Kelly  Lake,  some 
measurable  effect  on  the  Vermilion  River  was  expected 
and  will  be  examined  in  tiie  next  section.   Conditions  in 
Kelly  Lake  and  Simon  Lake  will  be  described  in  a  section 
to  follow. 

Chemical  characteristics 

Tiie  results  of  ciien.ical  analyses  are  presented  in 
Table  b.   With  few  exceptions  tr.ese  data  substantiate  the 


Table  5.   Results  of  chemical  analyses  made  on  samples  collected  at  24  stations  on  Junction  Creek 
and  its  tributaries  in  the  Sudbury  area  m  June,  1965_. __ 


Station 


Total                   Turbidity   Total  Kjeldahl 
@  lab  Alkalinity  solids  Calcium  Sulphate  units nitrogen 


Jl 

J2 

J3 

J4 

J5 

JS 

J3 

J9A 

J9B 

J10 

Jll 

J12A 

J12B 

J13A 

J133 

J14 

J1S 

J19 

R02 

R01 

MSI 

ME  2 

ME  3 

ME4 


7 
7 
8 
4 
3 
4 
6 
5 
3 


2 
3 
5 
0 
3 
3 
5 

,3 
.  4 


o.  o 

3.  2 
5.5 
3.9 
5.3 
7.2 
5.7 
7.2 
5.7 
7.2 
4.4 
4.2 
3.5 
7.1 


38 
53 

59 

17 
6 

24 
33 

23 
23 
24 
4 
39 
35 
114 
11 
13 
19 
37 


37 


1355 

1143 

592 

1255 

1452 

1332 

1026 

1320 

1652 

923 

350 

1476 

5176 

956 

1208 

1016 

696 

745 

155 

154 

1076 

932 

1676 

124 


234 
187 
114 
132 
174 
173 
142 
155 
193 
124 
123 
80 
1000 
122 
103 
55 
66 
65 
13 
21 
108 
94 
245 
12 


650 

580 

320 

830 

830 

870 

575 

765 

1330 

545 

500 

750 

1770 

410 

900 

570 

455 

455 

29 

32 

560 

465 

2325 

97 


1.1 
1.8 

3.3 

11.5 

1.1 

1.4 

4.0 

48.0 

59.0 

3.5 

4.0 

53.0 


9.5 
10.0 
1.0 
2.5 
2.6 
5.5 
3.3 
11.5 


4.10 

0 .  84 
0.99 
7.30 
4.50 
5.30 
2.80 
5.90 
10.50 
1.80 
2.30 
85.80 
115.00 
3.00 
66.00 
61.00 
29.70 
25.40 
0.58 
1.05 
1.50 
2.00 
4.80 
1.40 


Cooper  Nickel  Iron 


0.1 
0.3 

0.1 
0.8 
0.3 


4 
3 

,4 
,2 


0. 
0. 
1. 
2. 
0. 
0.2 
2.80 
320.00 
0.01 
3.40 
1.70 
0.30 
0.30 
0.00 
0 .  00 
34.25 
1.55 
0.20 
0.00 


2. 

5. 

2. 
27, 
14, 
24, 


2 
0 
4 
0 
0 
0 


11.0 

11.0 

13.0 

5.5 

11.0 

7.7 

32.0 

6.8 

5.7 

2.8 

2.5 

0.0 

0.3 

0.0 

25.0 

22.0 

3.3 

0.2 


1. 

I 

5  , 
1, 
0, 
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tinairv-js  of  t»..--  biological  survey,  ti*at  Junction  creak 
and  its  tributaries  were  in  an  exceptionally  polluted  state. 
Botn  organic  enrichment  and  pollution  by  heavy  metals  were 
found  in  tne  upper  reaches  at  Garson,  in  the  Frooa-Stcbie 
branch  in  Rolin  Creex,  in  copper  Cliff  Cree*  ana  in  Meatbird 
Cree,c.   Cnemical  analyses  demonstrated  only  moderate  oryanic 
enricnment  in  Robinson  Creek,  as  was  indicated  also  by 
biological  parameters, 

Stations  of  particular  interest  are  Jl^  ii,.mediately 
above  Kelly  Lake  and  Jib  below  tne  la;-:e.   The  concentration 
of  organic  nitrogen  below  was  one -half  of  tnat  above  Kelly 
La.ce,  61  and  30  ppu  respectively.   Also,  tne  copper  con- 
centration was  2.3  ppiL.  above  and  2.6  ppu.  below,  while 
there  were  6.7  ppm  of  iron  above  and  0.6  ppm  below.   Kelly 
Lake  probably  has  a  considerable  assimilative  capacity  but 
substantial  amounts  of  organic  materials,  itsavy  metals  ana 
inorganic  salts  (mainl*  calcium  and  sulphates)  passed 
beyond  Kelly  La,ce. 

Conclusions 

Junction  Creek  and  four  of  its  five  major  tributaries 
were  found  to  be  heavily  polluted  by  boti.  sanitary  and 
industrial  wastes  on  the  basis  of  selected  chemical  and 
biological  parameters.   Kelly  Lake  reduced  the  waste  load 
in  Junction  Creex,  but  the  condition  of  tne  creeK  below  the 
laiie  remained  very  poor. 
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VdRMILION  RIViSR 

Sources  of  comes tic  and  industrial  wastes 

Ttte  potential  sources  of  waste  are  located  on  the 
Roberts  River  (Lowpiios  Ore  Limited) ,  the  Onaping  River 
including  Moose  creek  in  the  Levacx  area,  the  Whits on  River 
in  the  Hanmar  -  Chelmsford  area  and  Junction  Creek  in  the 
Sudbury  -  Copper  Cliff  -  Creighton  area.   The  sanitary  - 
waste  disposal  systems  and  industrial  developments  have  been 
described  previously.   However,  Capreol  is  directly  on  the 
Vermilion  River  and  will  be  described  at  this  point. 

Capreol 

Sanitary  sewage  from  Capreol  (population  2,973} 
flows  in  coiibined  sewers  to  a  lar^e  septic  tank  which  dis  - 
charges  to  the  Vermilion  River.   The  CNR  yards  are  served 
by  separators  to  remove  oil.   Boiler  and  cooliny  water  are 
discharged  to  tne  Vermilion  River. 

Biological  assessment  of  water  quality 

The  upper  Vermilion  River  was  examined  at  Station  Vl 
and  V2  (Figure  6),  where  four  ana  eleven  taxa  were  collected 
from  the  stream  bottom  fauna.   In  spite  of  the  small  number 
of  forms  taKen  at  Station  VI,  the  water  was  apparently  of 
excellent  quality. 

No  evidence  of  impaired  water  quality  was  revealed 
at  Station  V3.   Moderate  numbers  of  eight  taxa  were 
collected.   At  Station  4,  about  5  miles  below  Capreol,  one 
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of  the  most  varied  collections  £23  taxa)  of  the  total  of  71 
collections  was;  obtained.   Stonefiies,  mayflies,  caddisflies, 
dragonf lies,  midges  and  related  flies,  ai^piiipods ,  snails  and 
clams  were  collected. 

At  Stations  V5  and  V6,  above  and  below  the  confluence 
of  the  Onaping  River,  a  varied  bottom,  fauna  was  observed. 
A  total  of  12  taxa  was  taKen  above  and  17  below.   No  effects 
of  the  Onaping  River  on  the  Vermilion  River  were  evident. 

Stations  V7  and  V&  above  and  below  Vermilion  Lake 
also  yxeldad  good  collections  of  bottom  in verteb rates.   Ten 
taxa  were  taken  at  Station  V7  and  17  at  Station  V8.   Further 
downstream  at  Station  V9,  the  last  station  above  the  entry 
of  Junction  creek,  similar  evidence  of  900a  water  quality 
was  obtained.   Fourteen  taxa  including  mayflies,  caddisflies, 
amphipods  and  clams  were  collected. 

Station  10  was  about  4  miles  below  McCharles  Lake 
and,  although  devastating  effects  of  Junction  Creek  on  the 
Vermilion  appeared  to  be  a  distinct  possibility,  the  bottom 
fauna  was  indicative  of  fair  water  quality.   A  moderate 
number  of  taxa  (eight  including  amphipods  and  snails,  both 
relatively  sensitive  to  heavy  metals)  and  normal  numbers 
of  animals  apparently  indicated  that  detention  of  wastes 
carried  by  Junction  Creek  in  Mud  Lake,  Simon  Lake  and 
McCharles  Lake,  and  dilution  by  the  Vermilion  River, 
markedly  improved  water  quality.   Actually  the  dilution  is 
between  10  and  15  times  when  Junction  Creek  meets  the 
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Vermiiion  River,  and,  fortunately,  tu«  four  laKes,  Kelly, 
Mud,  Simon  and  McCharlaa  certainly  must  act  to  stabilize 
tne  quality  of  water  entering  the  Veriuilion  River  as  well  as 
acting  in  an  assimilative  capacity.   However,  moderate  organic 
enrichment  was  indicated  by  the  absence  of  mayflies  at 
Station  V10  and  at  Station  Vll,  about  seven  miles  further 
downstream.   The  latter  station  yielded  a  varied  collection 
of  invertebrates,  13  taxa  in  all,  and  provided  further 
evidence  that  water  quality  in  the  Vermilion  River  was  not 
severely  impaired  by  wastes  from  the  Sudbury  -  Copper 
Cliff  -  Creighton  area. 

A  description  of  fisn  populations  will  not  be 
attempted  because  of  the  large  size  of  the  Vermilion  River, 
which  limited  fisainc,  efforts  considerably. 

Chemical  characteristics 

The  upper  five  stations  on  the  Vermilion  River  were 
very  similar  with  respect  to  water  quality  which  was  good 
(Table  6).   These  wetars  were  neutral,  low  in  alkalinity 
at  lfa  to  24  ppu.  and  relatively  low  in  total  solids  at  30 
to  70  ppm.   Neither  copper  nor  nickel  was  detected  and  the 
concentration  of  iron  did  not  exceed  1  ppm. 

A  small  amount  of  nickel,  0.2  ppm,  was  found  at 
Station  VS  below  the  entry  of  the  Onapiny  River  and  more 
calcium  and  sulphates  were  present  than  at  upstream 
stations.   The  dilution  factor  was  approximately  four. 

No  significant  differences  in  water  quality  ware 


Table  o.   Results  of  chemical  analyses  made  on  samples  collected  at  11  stations  on  the 
Vermilion  River  in  June,  1965 


Station 

PH 

@  lab 

Alkalinity 

Total 
solids 

Calcium 

Sulphate 

Turbidity 
units 

Total  Kjeldahl 
nitrogen 

Copper 

Nickel 

Iron 

VI 

7.0 

19 

30 

10 

0 

1.0 

0.43 

0.0 

0.0 

0.32 

V2 

7.1 

18 

30 

11 

0 

0.8 

0.33 

0.0 

0.0 

0.94 

V3 

7.1 

20 

52 

14 

0 

2.6 

0.40 

0.0 

0.0 

0.68 

V4 

5.9 

19 

70 

10 

0 

1.1 

0.52 

0.0 

0.0 

0.21 

V5 

7.4 

24 

58 

3 

11 

0.8 

0.25 

0.0 

0.0 

0.31 

VS 

5.7 

18 

84 

17 

18 

1.1 

0.33 

0.0 

0.2 

0.50 

V7 

7.4 

15 

110 

14 

18 

2.3 

0.71 

0.0 

0.2 

0.39 

VS 

S.3 

19 

54 

10 

13 

1.4 

0.18 

0.0 

0.1 

0.38 

VS 

7.0 

22 

92 

14 

14 

1.1 

0.33 

0.0 

0.0 

0.21 

VI 0 

7.0 

21 

112 

14 

27 

1.0 

0.84 

0.0 

0.1 

0.49 

VI 1 

7.0 

21 

74 

15 

IS 

1.4 

0.71 

0.0 

0.2 

0.22 
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observed  above  and  below  Ve  nail  ion  Lake  at  Stations  V/  ano: 
Vb  or  at  Station  V9  above  the  entry  of  Junction  Creex. 

Below  hcCharles  La:ce,  where  the  Vermilion  River  and 
Junction  Cree,-;  mix,  sulphates,  organic  nitrogen  and  nickel 
were  higher  tuan  above  that  lake.   The  concentration  of 
sulphates  was  27  ppm  at  Station  VlG,  the  organic  nitrogen 
concentration  was  Q.8<±  ppm  and  0.1  ppm  of  nickel  was  deter- 
mined . 

Conclusions 

The  Roberts  River,  Town  of  Capreol  and  Qnaping  River 
apparently  did  not  affect  the  Vermilion  River  adversely. 
Even  the  entry  of  the  extremely  polluted  Junction  Greek  had 
not  altered  the  biota  and  water  quality  of  the  Vermilion 
River  to  any  marked  degree,  although  some  evidence  of  moderate 
organic  enrichment  was  indicated.   ftje  lar^e  flow  in  the 
Vermilion  River  diluted  Onapir.g  water  about  four  times  and 
Junction  Creek  water  about  fifteen  times.   Adequate  dilution 
was  obviously  responsible  for  preservation  of  good  water 
quality  in  the  Vermilion  River,  together  with  the  moderating 
influence  ana  assimilative  capacity  of  the  Junction  Creek 
lake  chain. 

BMHRY  AND  CONISTOS  CRtfiSKS 
Sources  of  domestic  and  industrial  waste 

Township  of  Falconbridge 

Sanitary  sewage  from  the  Falconbridge  townsite 
(population  1,200}  and  parts  of  the  industrial  complex  nearby 
is  treated  in  two  parallel  septic  tanks  and  trickling 
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filters.   The  affluent  is  discharged  to  Emery  Creek.   Other 
plant  aoruesti.c  wastes  are  treated  in  septic  tanks  and  dis- 
charged to  both  the  new  and  old  tailings  areas  and  adjacent 
swanipland. 

Mine  drainage  is  pumped  from  the  Falconbridge  and  East 
Mine  to  swampland  which  drains  to  Emery  Creek.   Tailings 
from  the  concentrator  are  pumped  to  Fault  Lake  which  has  no 
visible  outfall.   Cooling  water  froiu  the  smelter  is  dis- 
charged to  Boucher  Lake,  while  wastewater  from  the  pyrrhotite 
plant  is  discharged  to  the  old  tailings  area. 

Town  of  Coniston 

All  sanitary  sewage  in  Coniston  (population  2,600), 
including  sewage  from  the  smelter,  is  discharged  to  the 
municipal  separate  sewer  systen.  and  provided  primary  treat- 
ment in  an  activated  sludge  treatment  plant  operated  by  the 
OWRC.  The  effluent  is  chlorinated  duriny  the  summer  months 
and  is  discharged  to  Coniston  Creeic. 

Tne  smelter,  which  processes  ore  from  the  Creighton 
and  Levack  mines,  yields  spent  cooling  water  to  Romford  Creek, 
a  tributary  of  coniston  Creek. 

Biological  assessment  of  water  quality 

Only  three  taxa  were  found  in  the  stream  bottom  fauna 
of  Emery  creeic  and,  because  these  were  midges  and  beetle 
larvae,  and  the  former  group  was  present  in  large  numbers, 
toxic  together  with  organic  pollution  was  indicated. 

Similarly,  the  invertebrate  fauna  indicated  toxic 
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conditions  in  Coniston  Creex.   No  animals  were  taken  at 
Stations  C2b  and  C5  and  only  {nidges  were  present  at 
Station  C6  at  a  point  immediately  above  tne  confluence  with 
the  Wanapitei  River.   The  creek  at  all  other  stations  in- 
dicated in  Figure  7  was  dry  at  the  time  of  the  survey. 

Chemical  characteristics 

Considerable  impairment  of  water  quality  was  evident 
in  Emery  Creek »   Iron  in  particular  but  also  nickel  were 
present  in  large  concentrations  (Table  7).   Also,  organic 
ehriciuuent  was  evident  at  Station  Si.   The  very  high 
concentrations  of  calcium,  sulphate  and  total  solids  indicated 
the  presence  of  a  9 reat  amount  of  industrial  wastes,  com- 
parable, in  fact,  with  Junction  Creek  just  above  Kelly  Lake. 

Coniston  Creek  water  also  contained  considerable 
amounts  of  the  heavy  metals,  particularly  nickel  and  copper, 
but  much  less  calcium  and  sulphates  than  Eu;ery  creek 
(Table  7).   Organic  enrichment  was  obvious  in  the  very  high 
concentration  of  organic  nitrogen  at  Station  C2b. 

Conclusions 

Both  Emery  Creek  and  Coniston  Creek  were  heavily  polluted 
by  industrial  wastes,   undesirable  concentrations  of  heavy 
metals  were  detected  chemically  and  their  toxic  effects  were 
indicated  in  each  case  by  an  impoverished  bottom  fauna. 
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PH  Total 


Station  I  i*  Alkalinity  SJiS.   Calcium   Sulfate   EgJ"*   SELE***1 


El       6.9       145      1022       88         630       12.5 
E2       -         230      1154       93         723 


nitrogen        Copper  Nickel  Iron 

1.30 
0.77 


C2b      7.3       135      388        40         198       -  26.50 

C5       3.1         7      132        21  31        9.0 


0.5< 


c5       5-8        17      202         30  82        4.0         1.95 


0.02 

0.0 

3.00 

0.02 

3.4 

6.90 

0.00 

0.8 

1.40 

0.80 

6.2 

2.80 

0.30 

2.4 

1.40 
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WAHAPXTfil    RIVER 

Sources  of  domestic  and  industrial  waste 

The  n^.in  sources  of  wastes  fror^  Falconbridge  and 
Coniston  nave  been  described.   Descriptions  of  three  other 
less  significant  sources  outside  of  the  Sn.ery  Creek  and 
Coniston  Creek  watersheds  are  provided  here. 

Township  of  Maciennan 

A  new  underground  i«.ine  was  being  developed  by  Inco 
near  Skead  in  1965.  Mine  water  was  pun.ped  to  a  snail  lake 
which  drained  to  Massey  Bay  of  Lake  wanapitei. 

Township  of  Dryden 

Tne  cohduunity  is  served  by  septic  tanks  and  leaching 
pits,  ii.any  of  which  function  poorly,  resulting  in  pollution 
of  roadside  ditches. 

Township  of  Laura 

The  Burwasn  Industrial  Farrr.  is  served  by  two  activated- 
sludge  treatment  plants  and  several  septic  tank  installations. 
One  treatment  plant  discharges  its  effluent  to  the 
Wanapitei  River,  while  the  other  discharges  to  a  pond. 

Biological  assessment  of  water  quality 

Good  water  quality  was  indicated  by  the  biological 
collections  n.ada  at  Stations  W2  and  W3  above  and  below  the 
entry  of  Emery  creek  {Figure  8).   a  total  of  10  and  12  taxa 
respectively  were  taken  at  these  two  stations.   Amphipods, 
which  are  not  tolerant  of  heavy  metals,  were  common  at 


LAKE  WANAPITEJI 


miles 


^    & 


\ 


f 


FALCO^TiBRtDGE^ 


JCONISTON 
CREEK 


1EMERY 
/CREEK^ 

W2 


(C^2> 


conistoTT 


W3 


o#      '0 


W4 


CP 


<%> 


-W5 


$ 


W6 


#69 


o\ 


BURWASH 


CZ- 


WANAPITEI 
RIVER 


#J7 


N 


FIGURE    8 


-35- 

Station  W3.   ftuery  Creek  is  diluted  approximately  25  times 
in  the  Wanapitei  River. 

Poorer  water  quality  was  indicated  at  both  Stations 
W4  and  W5  above  and  below  the  entry  of  Coniston  Creek. 
Only  five  and  six  invertebrate  taxa  were  collected,  consisting 
mainly  of  y roups  tolerant  of  heavy  metals.   Deterioration 
of  water  quality  above  the  entry  of  Coniston  Creek  must  be 
because  of  the  leeward  proximity  to  the  coniston  smelter. 
Poor  water  quality  indicated  below  the  entry  of  Coniston 
Creek  may  be  caused  partly  by  the  extremely  polluted  state 
of  Coniston  Creek,  although  about  40 -times  dilution  occurs. 

No  improvement  was  noted  at  Station  Vv6  where  low  numbers 
of  only  four  tolerant  taxa  were  collected.   However,  at 
Station  W7  about  IS  miles  below  Coniston  improved  water 
quality  was  indicated  by  the  presence  of  greater  numbers  of  in- 
dividuals of  nine  taxa,  including  K.ayflies. 

Chemical  characte r is tics 

Concentrations  of  total  solids,  calcium  and  sulphates 
in  the  wanapitei  River  increased  through  that  length  of 
river  between  Stations  W2  and  W7  {Table  8} .   Copper  was  pre- 
sent in  small  amounts  in  only  two  samples,  nickel  in  small 
amounts  in  three,,,  while  the  concentration  of  iron  from 
Station  W3  to  Station  wS  was  greater  than  at  control  stations. 

Conclusions 

At  the  time  of  the  survey  water  in  the  Wanapitei 
River  was  of  fairly  good  quality,  although  biological  data 


Table  8.   Results  of  chemical  analyses  made  on  samples  collected  at  5  stations  on  the 
Wanipitei  River  in.   J"une,  1955, 


Station 

pH 
@  lab 

Alkalinity 

Total 
solids 

Calcium 

Sulphate 

Turbidity 
units 

Total  Kjeldahl 
nitrogen 

Copper 

Nickel 

Iron 

t?2 

3,6 

18 

74 

12 

0 

1.0 

0 .  84 

0.01 

0.0 

0.21 

W3 

7.4 

17 

80 

14 

2 

3.5 

0.20 

0.00 

0.0 

1.30 

K4 

7.1 

15 

80 

16 

23 

2.6 

0.26 

0.00 

0.1 

1.10 

W5 

7.2 

4 

72 

14 

23 

2.9 

0.40 

0.00 

0.1 

0.80 

Wo 

S.3 

13 

108 

13 

23 

3.8 

0.26 

0,02 

0.0 

1.10 

W7 

7.4 

15 

110 

14 

18 

2.3 

0.71 

0.00 

0.2 

0.39 

indicated  otherwise  at  several  stations.  The  Vvanapitei 
River  passes  very  close  to  the  Coniston  smelter  through 
land  wnicxi  is  devoid  of  vegetation  over  large  areas. 

Unlike  the  Veriuil ion  River,  the  Wanapitei  River  is  not 
protected  by  lakes  on  the  Coniston  and  Emery  systems,  which 
would  serve  to  moderate  the  level  of  pollutants  in  the  way 
tnat  the  Junction  Cree*  lakes  must  do,   Therefore,  it  is 
quite  liKely  that  during  ary  weather,  pollutants  are  con- 
centrated in  the  watershed  near  Coniston  and  then  are  washed 
into  tne  wanapitei  River  during  short-duration,  high- 
intensity  rainfals.   The  wanapitei  River  was  periodically 
contaminated  ass  indicated  by  biological  sampling,  and  tne 
preceding  hypothesis  should  be  examined  in  future  studies. 

BIOASSAY  EXAMINATION  OF  STREA14S 
The  toxicity  of  water  in  Mooce  creek.  Copper  Cliff 
Creek,  Junction  Croek,  Emery  creek  and  Coniston  Creek  was  in- 
vestigated.  Samples  were  obtained  on  July  1,  1965  near  the 
mouth  of  eacn  stream,  returned  to  the  Commission  laboratory 
and  fathead  minnows  were  exposed  to  serial  dilutions  of 
stream  water  with  Toronto  tap  water. 

The  95-aour  TLm  values  were  as  follows: 

%  by   volume 

Moose  Cree.i  75.0 

Copper  cliff  Cree*  12.5 

Junction  Creek  Non -toxic 

Emery  creek  24 . 0 

Coniston  Creek  7  5.0 

The  chemical  analyses  of  the  Emery  Creek  sample 

indicated  that  toxicity  was  due  to  the  low  pH  and  tiie  high 
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concentration  of  iron,   Mtiiowc,!;  tha  rusty-red  precipitate 
wnich  developed  in  all  concentrations  sutj^esteo  that  con- 
siderable amounts  of  iron  cau.e  out  of  solution,  tue  saiuple  was 
much  inore  toxic  than  ti*at  fra,  Moose  Creek  which  had  a 
similarly  low  pE.   Sun.e  toxicity  from  the  iron  in  Eiuery  Creek 
is  indicated .   Apparently  the  mortality  in  the  Moose  Creek 
saii.ple  was  caused  by  pH  alone. 

Tiie  toxicity  of  tae  san.ple  froiv  Copper  Cliff  Creek 
can  be  accounted  for  o^r   tne  concentrations  of  copper 
(14  ppn.)  and  aiijnonia  '82  ppm  N) .   Similarly  the  1.0  ppn. 
copper  in  the  water  fror»  Coniston  Creek  would  have  been  toxic. 

Althoujn  Junction  Creek  water  was  not  acutely  toxic, 
it  would  not  be  expected  tnat  the  stream  could  successfully 
support  fish  populations  for  any  length  of  tiii.e  due  to  its 
pH  of  10.1. 

These  results  demonstrate  that  the  heavy  u.etal  con 
centration  and  pH  disturbance  are  indeed  toxic  to  fish  at  the 
levels  found  in  the  five  streams  in  the  Sudbury  area  wnich 
were  judged  zo   be  n.ost  polluted.   Furthermore,  the  data  in- 
dicate that  in  son.e  cases  considerable  dilution  is  required 
to  render  the  wastes  non-toxic  in  laboratory  tests.   Consider- 
ably greater  dilution  would  be  required  to  minimize  effects 
on  fish  unc*er  stream,  conditions  of  continuous  exposure. 

These  tests  serve  to  support  the  field  data  in 
pointing  out  the  prevalence  of  toxic  levels  of  pH  and  con- 
centrations of  heavy  metals. 
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LAKES  OF  THE  SUDBURY  AREA 

Of  the  many  lakes  within  25  miles  of  Sudbury  21 
were  selected  and  their  bottom  fauna,  phytoplankton  and 
cnemieal  characteristics  were  examined.   Four  of  the  lakes 
which  do  not  receive  liquid  wastes  are  about  20  miles  from  the 
closest  smelter  -  windy  Lake,  Little  Panache  Lake,  Frenchman 
Lake  and  Rock  Lake.   Another  four  lakes,  Ashigami  Lake,  Red 
Deer  Lake,  Elbow  Lake  and  Whitefish  Lake  are  approximately 
10  miles  from  tne  nearest  smelter.  A  group  of  eight  lakes, 
including  Whitewater  Lake,  Garson  Lake,  Long  Laice,  Meatbird 
Lake,  Ramsey  Lake,  Lady  Macdonald  Lake,  Clarabelle  Lake  and 
Robinson  Lake  are  within  5  miles  of  tne  nearest  smelter.   These 
lakes  receive  little  or  no  fluid  wastes  but  their  proximity 
to  smelters  makes  them  susceptible  to  atmospheric  contamination. 

A  group  composed  of  Vermilion  LaJte,  Kelley  Lake, 
Simon  Lake,  Moose  Lake  and  Norway  Lake  receive  streams  con- 
taining fluid  wastes,   of  these  five,  considerable  atmospheric 
contamination  as  well  must  occur  in  Kelley  Lake  and  Norway 
Lake  at  least. 

Although  only  a  preliminary  examination  of  these 
waters  was  made,  nonetheless  some  of  the  information  is  quite 
revealing  and  will  guide  future  surveillance  programs.   The 
observations  on  phy top lank ton,  bottom  fauna  and  chemical 
characteristics  are  as  follows: 
Chemical  characteristics 

The  four  lakes  20  miles  from  the  nearest  smelter  had 


Table  3, 


Chemical  characteristics  of  the  near- surface  v;aters  of 
21  lakes  in  the  Sudbury  area  in  June  (upper  line)  and 
September  (lower  line)  in  1965.   Where  only  one  line  of 

data  is  presented,  these  are  June  data. ___ 

Total  "*  Met ?ls 


Lake 


solids   Ca 


Alkalinity  pH 


TKN 


Cu 


jTf. 


Windy 

20 

38 

Panache 

53 

33 

Frenchman 

80 

Rock 

114 

92 

Ashigami 

84 

Red  Deer 

70 

102 

Elbow 

86 

68 

Whitef ish 

72 

80 

Whitewater 

128 

132 

Carson 

60 

76 

Long 

86 

130 

Meatbird 

278 

312 

Ramsey 

144 

170 

Lady 

270 

Macdonald 

310 

Clarabelle 

236 

322 

Vermilion 

58 

86 

Moose 

130 

(upper) 

190 

4 

4 

14 
25 

13 
13 

<5 

17 

9 

<5 

9 
9 

<5 

20 

9 

<5 

10 
9 

44 

21 

10 
10 

16 

24 

10 

10 

10 
34 

18 
19 

30 
59 

14 
7 

<5 

30 

13 
17 

16 
37 

30 

24 

210 
164 

13 
13 

35 
51 

41 
41 

139 
171 

38 
46 

118 
147 

10 
12 

10 
25 

21 
29 

60 
117 

8 
6 

23 
25 


5 


13 
11 

7 


31 
35 

5 

3 

18 


5 
2 

19 

15 

7 
4 

22 
23 


5.0  0.77  0.01  0.0  0.10 

7.1  0.20  0.0?  CO  0.09 

7.2  0.39  0.00  0.0  0.10 
5.9  0.33  0.01  0.0  0.50 

5.3  0.07  0.00  0,0  0.15 

5.9  0.07  0.00  0.0  0.20 

o.9  0.20  0.00  0.0  0.01 


6.2 

0.07 

0.00 

0ol 

0.15 

5.8 

0.39 

0.00 

0.1 

0.20 

5.  5 

0.4j 

0.02 

0.0 

0.50 

7.0 

0.52 

0.00 

0.0 

0.18 

5.0 

0.20 

0 .  04 

0.0 

0.30 

5.3  0.07  0.00  0.1  0.15 

5.5  0.40  0.02  0.0  0.02 

7.5  0.40  COO  2.4  0.44 

7.3  0o84  0.20  0.0  0.11 

4.9  0.46  0.00  1.7  0.30 

5.0  0.84  0.04  0.1  0.40 


7.1 

0.33 

COO 

ft. 3 

C<*0 

5.9 

0.20 

0.00 

0.0 

0.04 

0 
0 


4.8  0.13  0.31  2.5  0.24 

4.5  0.25  O.'O  5.0  0.08 

7.1  0.20  0.10  0.2  0.15 

5.8  0.45  C02  0.3  0.09 

5.1  0.55  0.40  4.0  0.13 

5.0  0.33  0.50  3.5  0.02 

7.2  0.39  0.10  2.0  0.20 
7.5  0.25  0.30  1.5  0.10 

7.1  0.33  0.00  0.1  0.22 
5.5  0.40  0.0?.  0.2  0.19 

4.0  0.77  0  .-00  0.5  1.31 

3.8  1.00  0.03  0.1  0.47 


Table  9.   (continued) 


Total 
solids 

Ca 

so4 

Alkalinity 

PH 

TKN 

Me 
Cu 

tals 
Ni 

Pe 

Robinson 

143 
178 

20 
18 

29 
14 

17 
13 

7.0 
7.0 

0.71 
0.46 

0.00 
0.07 

0.2 
0.4 

0.19 
0.20 

Vermilion 

68 
86 

10 
12 

10 
25 

18 
19 

7.1 

6.6 

0.33 
0.40 

0.00 
0.01 

0.1 
0.2 

0.22 
0.19 

Moose 
(upper) 

130 
190 

21 
29 

30 
117 

0 
0 

4.0 
3.8 

0.77 
1.00 

0.00 
0.03 

0.5 
0.1 

1.31 
0.47 

Moose 
(lower) 

114 
160 

20 
22 

50 
88 

0 
0 

4.2 
4.2 

1.00 
0.  50 

0.00 
0.20 

0.0 
0.0 

0.62 
0.12 

Kelly 

766 
880 

71 

82 

440 
549 

9 

0 

7.2 

4.3 

33.00 
21.00 

0.40 
2.50 

4.0 
5.8 

0.70 
8.30 

Simon 

568 
686 

60 

320 
403 

5 

8 

5.9 
5.  2 

6.10 
19.00 

0.26 
0.40 

0.1 

4.5 

0.38 
b.40 

Norway 

308 

17 

IsO 

0 

3.2 

0.33 

0,00 

5.0 

5.90 
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average  total  solids  concentrations  whicu  averaged  60  ppm  and 
varied  between  approximately  30  and  100  ppit,  (Table  3) . 
These  lake  waters  were  close  to  neutral  in  pH  except  the 
acidic  Frenchman  Lake.   Calcium  and  sulphate  concentrations 
were  relatively  low;  the  average  calcium  concentration  was 
9  ppm  and  the  sulphate  concentration  averaged  13  ppu.   Organic 
nitrogen  did  not  exceed  a  concentration  of  0.77  ppm  while  most 
analyses  showed  less  than  half  that  amount.   Copper  was  pre- 
sent in  only  three  of  seven  analyses  ana  in  trace  amounts, 
nickel  was  not  detected  and  the  average  concentration  of  iron 
was  0.16  ppm. 

The  second  set  of  four  lakes,  tnose  at  the  10-mile 
range,  were  not  markedly  different  in  chemical  characteristics 
than  the  laxes  at  the  20-mile  range.   Tne  average  con- 
centration of  calcium  was  10  ppm  and  of  sulphate,  22  ppm. 
The  pH  varied  between  6  and  7  and  total  solids  concentration 
averaged  60  ppm.   Copper  was  present  in  only  three  of  seven 
analyses  and  in  trace  amounts.   Traces  of  nickel  were  found 
in  three  samples.   The  average  concentration  of  iron  was 
0.21  ppm. 

The  third  set  of  la^es,  from  Whitewater  Lake  to 
Robinson  La^e  in  Table  9,  occur  within  5  miles  of  the  nearest 
smelter  and  is  included  in  an  area  of  about  250  square  miles 
surrounding  the  smelters.   In  general,  these  eight  lakes  are 
much  higher  in  dissolved  solids.   The  average  total  solids 
concentration  was  190  ppm,  about  three  tifces  the  concentration 
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2.4  ppm  in  Whitewater  Lake  in  June,  2.6  and  6.0  ppm  in 
Meatbird  Lake  in  June  and  Feptember,  <*„0  and  3.5  ppu,  in  Lady 
Macdonald  Lake  and  2.0  and  1.5  ppm  in  Clarabelle  Lake. 

No  evidence  of  organic  contamination  was  found  in 
these  eiyht  lakes,  as  asseseed  by  considering  total  Kjeldahl 
nitrogen  concentrations.   Most  pollution  was  of  industrial 
origin  and  the  degree  may  be  assessed  by  an  examination  of 
concentrations  of  calcium,  sulphates , total  solids,  copper 
and  nickel  in  relation  to  the  first  two  groups  of  lakes. 

Five  other  lakes  were  examined  and  their  cuemical 
characteristics  will  be  discussed  in  turn.   Moose  Lake,  which 
receives  some  mill  tailings  from  Cranberry  Lake,  has  been 
contaminated  as  evident  in  abnormal  concentrations  of 
calcium  and  sulphates  and  high  total  solids.   Of  particular 
significance  from  a  biological  viewpoint,  the  pH  has  been 
seriously  depressed  probably  as  a  result  of  the  continuous 
hydrolysis  of  heavy-metal  compounds  derived  from  the  tailings 
area.   The  pH  averaged  3.9  in  the  upper  basin  and  4.2  in  the 
lower  basin. 

Water  quality  in  Vermilion  Lake  did  not  appear  to  be 
seriously  impaired.   Concentrations  of  calcium,  sulphates  and 
total  solids  were  not  abnormally  high,  only  trace  amounts  of 
metals  were  detected  and  the  water  was  approximately  neutral. 

Kelly  La&e  and  Simon  Lake  in  the  Junction  Creek  Lake 
cuain  were  examined.   The  total  solids  concentration  in 
Kelly  Lake  was  approaching  1,000  ppm,  of  wuich  sulphates 
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made  up  about  one -naif.   Kelly  Laice  water  was  neutral  in 
June  but  quite  ecidic  in  September.   Tne  high  concentration 
of  organic  nitrogen,  33  and  21  ppm,  demonstrated  the  pre 
sence  of  large  amounts  of  domestic  wastes,  while  abnormal 
levels  of  copper  and  nickel  (0.4  and  2.5  ppm  of  copper,  4.0  and  5, 
ppm  of  nickel)  indicated  tne  seriousness  of  the  industrial 
waste  probleiu.   Simon  Lake  was  in  little  better  condition  with 
about  600  ppm  total  solids,  360  ppm  sulphates,  pH  about  6.0, 
average  organic  nitroyen  concentration  of  12.5  oou.   and  high 
levels  of  copper,  nickel  and,  in  September,  iron  also. 
These  two  laKes  and  certainly  Mud  Lake  between  them,  and 
probably  NicCharles  Lake  too,  were  in  an  unsatisfactory 
condition,   as  pointed  out  previously  this  lake  chain  may 
moderate  tne  flow  of  wastes  to  tae  Vem.ilion  River  but  its 
assimilative  capacity  is  limited  by  the  extremely  large 
amounts  of  wastes  which  are  delivered  to  Kelly  Lake  and  hud 
Lake.   Furthermore,  the  assimilation  of  organic  wastes  may 
be  impeaed  by  tne  presence  of  levels  of  neavy  metals  which 
are  toxic  to  many  organisms. 

Norway  La^e,  close  to  tne  Falconbridge  mill,  was  in- 
spected and  found  in  a  very  polluted  condition  based  on  the 
following  analyses;   30b  ppm  total  solids,  160  ppa  sulphates, 
pH  of  3.2  and  high  concentrations  of  nickel  and  iron. 

Lake  wanapitei  was  not  sampled  in  June  but  a  sample 
was  submitted  by  tne  Department  of  Lands  and  Forests  in 
September.   Trie  chemical  characteristics  are  as  follows: 
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75  pph.  total  solids,  10  ppii.  calcium.,  19   ppn.  sulphates, 
pH  7.0  and  alkalinity  of  18  ppu.,  0.  *6  ppm  organic  nitrogen, 
0.02  ppm  copper,  0.08  ppu.  iron  and  no  nicxel  detected. 
Because  soi»e  mine  drainage  nas  been  introduced  into  the  lake 
and  greater  amounts  may  be  added  in  the  future,  surveillance 
of  Lake  Wanapitei  should  be  continued  on  a  regular  basis. 

Pay  top  1  an.-:  t  on 

The  la^e  groups  at  the  20-mile  and  10 -ii  ile  ranges 
nad  pnytoplankton  populations  which  were  comprised  of  at  least 
8  genera  in  June  and  at  least  9  genera  in  September 
(Table  10).   Diatoms  were  conation  in  tuese  lakes,  particularly 
in  June  when  between  one  -third  and  one-half  of  the  genera 
were  diatoms.   A  considerable  range  in  size  of  tne  standing 
crop  of  near-surface  phytoplankton  was  observed,  but  was 
not  unexpected. 

Some  differences  in  the  piiVtoplanicton  populations  of 
lakes  near  the  5-mile  range  are  apparent.   Altnougn  several 
lakes  had  as  many  genera  in  June  as  in  the  first  two  groups, 
for  example  Whitewater  Lake,  Long  Laxe  and  Ramsey  Lake  (all 
rather  large  laJtes)  ,  the  rest  of  the  jroup  showed  fewer 
genera.   Only  five  genera  were  present  in  Garson  Lake  and 
Meatbird  Lake  and  only  four  in  Lady  Macdonald  Lake.   These 
three  lakes  were  noted  in  the  previous  section  as  having 
depressed  pH  levels.   Also,  the  latter  two  lakes  had  copper 
concentrations  of  0.3  and  0.40  ppm  in  June.   T^e  volume  of 
phytoplankton  was  depressed  in  most  samples  where  the  heavy 


Table  10. 


Lake 


Summary  of  data  on  phytoplankton  collected  at  21  lakes 
in  the  Sudbury  area  in  June  (upper  line)  and  September 
(lower  line)  in  19 35.  Where  oniy  one  line  of  data  is 
presented,  these  are  June  data. 


Diatoms 


Number  of  Genera  Areal 

Yellow-   Blue-  standard 

green    green  Green  Others  Total  units/ml 


windy 

5 
2 

Lake 
Panache 

4 
3 

Frenchman 

3 

Rock 

5 
4 

Ashigami 

5 

Red  Deer 

7 
2 

Elbow 

9 

3 

VThitef  ish 

7 

7 

Whitewater 

4 

3 

Garson 

2 

2 

Long 

4 

Me a third 

2 

1 

Ramsey 

3 
1 

Lady 
Macdonald 

2 
3 

Robinson 

3 
1 

Clarabelle 

3 
1 

1 
2 


1 
1 

1 

2 

1 
1 

1 


I 
1 

1 
1 


1 

1 

1 

1 


3 
2 


2 

3 


2 
2 

2 

3 


2 
2 

1 
1 

1 
3 


2 
2 


1 

1 


4 
8 

4 
5 

2 

5 
2 


3 
3 

S 

1 

8 

1 

9 

2 
2 

3 
4 

1 
2 

3 
4 

1 
1 

2 
9 

3 
1 


11 


2 


43 
29 


— 

11 
11 

135 

2 

8 

35 

2 

14 
13 

581 
297 

- 

13 

37 

1 

14 
11 

4408 
347 

2 

1 

20 
9 

2512 
200 

_ 

13 
12 

355 
249 

1 

15 
16 

557 
194 

1 

5 
6 

413 
173 

0 

1 

13 
13 

lo 
91 

1 
1 


1 
1 


5 
5 

11 
8 

4 
4 


9 

3 


95 

5538 
557 

2 

2 

245 
1917 

416 
8 


Table  10.   continued  

number  of  Genera  Areal 

Yellow-  Blue-  standard 

Lake Diatoms  green    green  Green  Others  Total  units/ml. 


Vermilion 

Simon 

Kelly 


Moose 
(upper) 

Moose 
(lower) 


8 
5 


Norway 


3 
1 

2 
2 


1 
1 


1 
3 


2 

1 


4 

3 
A 

5 
A 

5 

2 

3 
3 


1 

1 

2 
1 


15 
13 

300 
32? 

7 
j 

74 
28 

8 
4 

988 
14 

7 
5 


21 
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metal  concentration  was  high  and  the  pH  was  low.   Similar 
results  were  obtained  froru  the  samples  taken  in  September. 

The  phytoplankton  population  in  Vermilion  Lake  resembled 
tnose  in  the  lakes  in  the  first  two  groups.   Kelly  Lake 
and  Sinion  Lake  had  reduced  numbers  of  genera  in  both  spring 
and  fall.   That  these  lakes  are  populated  by  phytoplankton 
at  all  is  surprising,  in  view  of  the  high  concentrations  of 
copper  whicii  have  been  observed,  for  example,  0.40  and 
2.50  ppm  in  June  and  September  in  Kelly  Lake  and  0.26  and 
0.40  ppm  in  Simon  Lake.   However,  considerable  organic  matter 
was  present  and  much  of  the  copper  could  have  been  in  less 
toxic  form  taan  the  ionic  state. 

Moose  Lake  and  Norway  Lake  both  receive  mill  tailings 
and  have  shown  depressed  pH  values  and  abnormal  heavy  metal 
concentrations.   Both  laxes  had  phytoplankton  populations  which 
appeared  to  be  limited  in  both  size  and  number  of  genera. 

Bottom  fauna 

The  bottom  fauna  of  precambrian  lakes  is  neither 
abundant  nor  varied.   Midge  larvae  predominate ,  and  few  re- 
presentatives of  other  groups  are  usually  taken.   Therefore, 
an  examination  of  the  nuiiber  of  genera  would  provide  little 
useful  information;  the  number  of  species  of  the  few  common 
groups  should  be  much  more  informative.   Such  data  have 
been  prepared  and  presented  in  Table  11. 

Six  to  twelve  species  were  found  in  the  bottom  fauna 
of  the  first  two  lake  groups.  Most  of  these,  of  course,  were 
midges.   No  great  differences  were  evident  in  most  of  the 


Table  II 


Lake 


Summary  of  data  on  bottom  fauna  collections  made  at  21  lakes  in 
the  Sudbury  area  in  Juno,  1965.   The  number  of  E'kman-dredge 
c o 1 lections  made  at  each  lake  is  shown  in  parentheses* 
"  Number  of  Species  Mean  No. 

Sludge-  Other     collected 

Midges  trornus     Caddis  Molluscs  Chaoborus  groups  Total  /sample 


Windy  (A)  5 

„L.  Panache  (.4)  '! 

Frenchman  (2)  6 

Rock  ( 3 )  3 

Ash ig ami  (3)  0 

Red  Deer  (',)  2 

Elbow  (4)  1 

Whitefish  (3)  5 

Whitewater  (3)  i 

■ 

Garson  (3)  3 

Long  (4)  5 

Meatbird  (3)  4 

Ramsey  (7)  3 

Lady 
Macdonald  (4) 

Clarabelle  (3) 

Robinson  (?) 

Vermilion  (4)      3 

Kelly  (8)  3 

Simon  (3)  2 

Moose 
»   (upper)  (o)  1 

MOOS'.' 

{ 1  owe  r )  ( ?, ) 
Norway  (3) 


1 
1 


1 
3 
2 

1 
2 


4 


?. 


2 

I 


2 

a 
l 
i 


7 


4 


8 


- 

- 

1 

8 

1 
f 

-- 

■— 

2 

8 

28 

1 

1 

2 

a 

•i 

1 

1 

- 

12 

19 

- 

1 

2 

6 

18 

- 

I 

- 

8 

35 

- 

1 

- 

8 

100 

4 

1 

3 

17 

40 

- 

- 

1 

7 

33 

- 

1 

1 

9 

21 

- 

- 

1 

6 

26 

- 

- 

— i 

4 

13 

_ 

_ 

1 

X 

<1 

~ 

1 

M 

1 

1 

~ 

1 

- 

7 

39 

3 

1 

1 

12 

19 

„ 

1 

9 

20 

7A\ 


25 

0 

0 


-45  • 


lakes  at  the  i>~i*iii3  jran.jc   Wiiitawater  Lake  nad  a  consider- 
able nua.be r  of  species  probably  because  of  its  shallow  character. 
Only  one  species  was  taken  from  Lady  Macdonald  Laice  and  one 
from  clarabella  Lake.   Impairment  of  water  quality  in  these 
two  laxes  has  been  demonstrated  by  chemical  analyses  and 
phy t opl ank t on  c oun t s . 

Tae  bottom  fauna  in  Vermilion  Lake  was  similar  to  that 
found  in  uncontaminated  lakes.   Kelly  Lake  yielded  as  many 
species  as  control  lakes  but  other  differences  were  apparent. 
For  example ,  ^ile  the  sludgeworm  Rhyacocrilus  montana  was 
found  in  control  lakes,  sometimes  with  the  ubiquitous 
Limnodrilus  hoffmeisteri,  Kelly  Lake  contained  Tub  if  ex 
tubifex  and  several  species  of  Ijiu.nodrilus  which  are  found 
in  greatest  nuiibers  in  organically  enriched  lakes.   Simon 
Lake  had  large  numbers  of  midge  larvae  but  only  four  species 
of  bottom  animals.   Finally,  lower  Moose  Lake  and  Norway 
Lake  had  few,  if  any,  bottom  animals  whatsoever,  while  the 
bottom  fauna  in  upper  Koose  Lake  was  composed  of  very  few 
species . 

Conclusions 

No  evidence  of  contamination,  atmospheric  or  from 
surface  discharge,  could  be  detected  in  ei^bt  latf.es  10  to 
20  miles  from  the  nearest  smelter.   Sight  lakes  within  five 
miles  of  smelters  shaved  some  evidence  of  impaired  water 
quality,  particularly  Lady  Kacdcnald  Lake  and  Clarabelle 
Lake,  wnere  high  heavy  metal  concentrations  and  low  pH 
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levels  restricted  the  number  of  tax*  and  individuals  in  botu 
the  piiytoolanKton  and  bottoui  fauna  populations,   ven.ilion 
Lake  appeared  to  La  in  '.jood  condition,  but  Kelly  X.,a?ce,  Sii.,on 
La;ce,  hoose  La*e  and  Norway  La^o  were  considerably  polluted. 
Because  only  a  su.all  noiiber  of  laxes  was  visited  and  n-ininial 
sampling  was  carried  out,  these  data  aw  of  limited  value. 
However,  it  shoulci  be  apparent  that  lakes,  even  those  of 
considerable  size,  can  be  damaged  by  inadequately  treated 
waste  discuarvvet.   Also,  the  value  of  pnytoplaniCton  saii.pl  as 
and  botton.  fauna  collections  should  be  useful  in  tue 
surveillance  of  water  quality  in  these  and  other  la„es  in 
the  Sudbury  area.   However,  research  on  trie  p.^ytoplanicton 
and  benthic  cc*a.iunities  is  required  to  fully  develop  the  two 
groups  as  paraiueters  of  water  Quality. 
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D.  Pugh,  d.  03i;.ond,  R.  hunsinger  and  g.  West  lake  collected 
water  samples,  fisn,  invertebrates  and  phytoplanKton. 
Y.  H.  Swabey  carried  out  bioassays.   Chendcal  analyses  were 
n.ade  by  the  Chemistry  Branch  of  the  Coiawission  and  the 
Water  Quality  Surveys  Branch  measured  flows  in  the  i^ajar 
streaiue  in  ti.e  suu.mer  of  1965.   Ti.e  Industrial  Wastes 
Division  of  the  Coiu^ission  and  the  Depar tiuent  of  Lanas  and 
Forests  provideo  considerable  astii.s-cance. 


APPENDIX 


Table 


Taxr 


Specimens  collected  at  11  stations  on  uncontaminated 
streams  in  the  Sudbury  area  at  ranges  of  10  and  20 
miles  from  the  closest  smelter.   Collections  were 
made  in  June,  1965,  and  methods  are  outlined  in  text 

of  report.  «_ 


Ten-mile   range 
2  3  4 


Twenty- mile   range* 
12  3  5 


STOlsTJ.FLrCSS 
AcVo.'-iuria 


2 

1 


-  MAYFL-3'^3 
Caen is 
Cloaon 
C  ~nt.""p '"  ilura 
E^r~rei:*e  I  la 
Heptag.iViia 
He^-aceni.- 
Baetr.H  " 
CaJ..--:-baetis 
_P s e uc-oc.  '.o^on 
Ster.or.ema 
Baetxsca 
ArtnrfobTea 


1 

■- 
j 


7 
1 
4 


9 
1 

7 


2 

4 


3 
i 
2 
2 


22 
4 
4 

3 

1 
1 
1 
1 


CADDI3FLIE3 

Trianon odes 
Folyc"i.tropus 
LiHUnjpn  ilus 
I^y  choosy  che 


K^Hrc 


aanxsiola 

KysTsc  T7ci.es 
Atnr  .psoces 
Liip'ic'*^  toma 
Cni:ar«*rr£ 


1 

1 


2 

1 
1 
1 


■6 


5 

2 


1 
2 


DRAG0"?.-:-I3S 
GoraphuG 
CorcfuYa 
E  r  p  e'co'g  omphu  s 
Aesh:ia 
Syr-petrum 


1 
1 


7 
1 


1 
1 


DAfi£EL  FLIES 
Enallagma 

beSZOS 

Xs"cT™u::a 


1 
4 
7 


15 
9 


PI' 


Sialii 


Table  1  -  continued 


a 


Ton-mile  range 
2  3    4    5 


Twenty-mile  range 
12  3  5 


FLIES 

Tendioedidae 
Palpamyia 
Pr.iuudoiiiononh  i  1  a 


33 


9 

1 


11 

1 
3 


9 
1 


Orooc'ytos 
Laccophilus 
Coptotomus 
Gynnus 
Dytiscus 
Gal Brucella 
Rhantus 
TrgpisEornus 
flydrop6'r"uiP 
Unidentified 
adults 


■? 


14 


1 
£ 


1 
4 

1 


Motonecta 
Corixidao 
Ochtoridae 
Trepobates 

AMPHIP0D3 
Hyallela 
Crangonyx 

LEECHES 
Gunus  B 
Genus  C 
Genus  D 
Genus  E 

MOLLUSCS 
Physa 
Amnieola 
Pisidium 
Sphaerium 

CRAYFISH 
Cambarus 

SLUDGEWORMS 
Unidentified 

MITES 

Unidentified 


4 

1 


2     13     11 
2    14    15     7    17 


18 


1 
.5 

1 


1 
2 


1  1 

5    7        38 

1 


8    14 


2 
2 


1     1 

9 


1 
29 

11 


♦Station  4  at  20-mile  range  was  not  examined. 


Table  2 


Specimens  collected  et  five  stations  on  the  Roberts  River  arid  whitson  creek 
in  June,  1S55.   Sampling  methods  are  outlined  in  the  text  of  the  report. 


Taxs 


iMAYFLIES 
Caenis 
Stenonema 
Heptagenia 
Hexngema 
Baetis 

Centroptilum 
Ephemoreila~ 

CADDIS FLIES 

Cheumatopsychc 

Hydropsyche 

Leptocella 

Lepidostoma 

Oecctis 

Chimarra 

Worraaidia 

Polycentropus 

Anabolia 


Roberts  River 
R1.         R2 


1 
1 
1 


13 
2 


10 

2 


5 
8 


7 
I 

9 


Whitson  Creek 
WH1     WH2      WH3 


1 
2 

1 
12       12 


15 

7 


1 
1 

1 


DRAGOFFLIES 

Lanthus 

Aeshna 

Ischnura 

FLIES 

Tendipedidae 
Tipulidae 

Simulium 

Atheriy. 

Ps  e udo 1 imnoph ilia 

Chrysops 

Palpomyia 


I 

1 

12 

9 
1 

29 
3 

23 

48 

58 

2 
1 

3 

3 

/ 

4 

2 

2 

FIS 


des 


Table  2  -  continued  ^ '  /-''  •  ,^:".^  " 

Roberts  River  Whitson  Creek      .-._:' 

T-Xa Rl  R2  WHl       T.'7H2     WH3 


ter.elmis 


BEETLES 

Galerucella  1 

Oreodytes  .  2 


2 


Unidentified  adults  2  2         1       1 

BUGS 

Notonecta  1 

Trerbbstes  2 

Cori::idae"  4       21 

AMPHIPODS 

Hyallela  %  3 

crangonyx  *  ]_ 

LEECHES 

Unidentified  genus  A  1 

MOLLUSCS 

Pisidium  14                           2.8 

ap.iaernai  15 

%...'.-        Carr.pelioma  54 

CRAYFISH 

Unidentified  4 

SLUDGEWORMS  .  -  ~ 

g% J  Unidentified  3  5  2        1      95 

4  ''  MITES 

**\ ;-  Unidentified  .  ,.  6         H  £«; 

W**r-  '  .  a",      *:        if.*.—:     •■.-  /''  '*  :->^"7^?-;, '/,"/ <>*-*   .  ^'i. 


i.  - 

;  •'  -  \ 


* 


■*"■   '•'- 


%i.«— — — — '  ■ ■  -  ■   ■■  ■     ■      ■         ■  ■ 


Table 


Tars 


Specimens  collected  at  12  stations  on  the  Onaping  River 
and  tributaries  in  the  Levack  area  in  June,  1965. 
Sampling  methods  are  outlined  in  the  text  of  the  report. 


04   03   07   08   09   010   011   01?   013   014   015   016 


STOKE? 

Is 

Ac  FoHour  i  a 


Aiocapnia 


1 

1 


MAYFLIES 

Epheraerella 


Baetis 

C^lTJ-b  c.etis 

Pseuaooloen 

Heptage'rila 

Steponeiira" 

C'aenTs 

Baetisca 

Rrthropiea 

"P  p.  r  a  i'c  r  t  ophlebia 


22 
4 

3 
1 

4 

1 

1 
I 


1 
2 


2    36 

101 


CADDXS7L1ES 

Hydrops yche 
Farapsycae 


ply cent ropus 
L  epidob  tioma 
FycnopsycHe 
Ch  i-aarr  a 
Limfiep.i  ilus 
Vi  o  rma  la i  a 
Mystacides 


35 


? 
2 

5 


3 

1 


1 
1 
1 
1 


DRAGOHFLIES 

Aeshna 
Lcuco r rh  inia 
Perithemis 

Coruuiegaster 


1 
1 


DAM3ELFLIES 
Ennllagma 

Le  s  t e  a 
KeTHTennia 


1? 
1 


FLIES 

Tendipsdidae 
Falpcxryia^ 
"Sxmulium 
Er  51s  talis 
AtTerix 
raops 


7        1 
1 

70 


46 

5 


9 

1 


20 


35 

4 


5 
2 
1 


87 


Table  3.   continued 

stations 
Tax*  0.   OS   07   0C   09   01D   Oil   012   013   01-';   015   015 

* 

FI3HFLISS 

Sialic  1        22* 

BEETLES 

Rhantus  1 

HycTrot  runes  2 

Oreodytes  1 

Gyrxnut  1 

Unidentified 

adults  10         1  112 

BUGS 

Hotonecta  1  1 

Corixidae  3 

MOLLUSCS 

Physa  1 

CRAYFISH 

Cambarus  1 

TUBIFICIDS 

Undentified  23      2  i  28  2    5 

MITES 

Undentified  1 


APPENDIX 


Table  5.   Specimens  collected  at  11  stations  on  the  Vermilion 

River  in  June,  1955.   Sampling  methods  are  outlined  in 
the  text  of  the  report. 


Tax  a 


VI   V2 


V3 


V4 


Stations 
V5   V6 


V7 


V8   V9   V10   Vll 


STOWEFLISS 
Acroneuria 
Isoperia" 
Unidentified 
genus  A 


MAYFLIES 
Heptagenia 
Stenonema 
Ephemerella 
Baetis 

Centloptilum 
Sphemera 
Pseudocloeon? 
Heyagenia 
Baetisea 
Callibaetis 
Caenis 

CADDISFLIES 
Hydropsyche 
Cnimarra 
Neureclipsis 
Ifrycnopsyche 
Oecetis 
Polycentropus 
Leptocella 
Triaenodes 
Mollana~ 
Mystacides 
Cheumatopsyche 
Hel icopsycne 

DRAGONFLIES 
Erpetogomphus 
Oph  iogompnus 
Gomphus"" 
Aeshna 


2 


19 


3 

14 

13 

4 

1 
25 


5 
1 
1 


3 
1 


2 
1 

4 


4 
4 


1 

1 


3 
2 


7 

3 


1 
1 


1 
6 

1 


DAM3ELFLIES 
Hyponeura 
Agrion 
EnaTTagma 


10   14 


Table  5  -  continued 

Taxa             VI 

V2 

V3 

W! 

Stations 
V5   V6 

V7 

V8 

V9 

V10 

VI 1 

DAM5ELFLIES 

Ischnura  1 

Teleallagroa  2 

FLIES 

Tendipedidae  2    2    1   20   41   34    0     8     4    10 

Tipulidae  14    1 

Atherix  1 

Chrysoos  2         5 

PalpoaiyTa  4       11  1 

simullum"  127 

FI3HFLIES 

Stalls  1 

BEETLES 

Galerucella      1  1 

Oreody tes  1  4 

Rhantus  ?         11 

Laccoptiilua  1 

Gyrinua  1 

Coptotomus  1 

Unidentified 

adults  5    2  3    3    lb    7    17     3 

HEHIPTERA 

Corixidae  4   13    2    5   13   11     3 


Ochteridae       1 

Notonecta  1 


55 


Rhagevelia 

AM  PHI  PODS 
Hyallela 

21 

1 

LEECHES 

Unidentified 

1 

genus  A 

MOLLUSCS 
Pisidium 
Sphaeriura 
Camoelloroa 
Pnysa 

1 

2 

2 
2 

a   s 

i 

CRAYFISH 
Orconectes 

2          1 

SLUDG3W0RMS 
Undent if ied 

2     5 

1 

17 

TRICLAD3 
Phagocata 

1 

MITSS 

Unidentified 

4 


* 


17 


APPENDIX 


Tabl« 


Specimens  collected  at  10  stations  on  the  Wanipitei 
River  and  tributaries  in  the  Falconbridge  and 
Coniston  areas  in  June,  1965. 


Taxa 


V!2   W3 


W4 


Stations 
W5   W6   W7    El   C?b  C5 


C5 


MAYFLIES 

Centra  otilum 

EpEemotella 

Stenonerr.a 

4 

1 
3 

13 

28 

CADDISFLIES 
Hydropyyche 
Cheunivitoosyche 
Chitn>:rra 
NeurecTTpsis 
Pycropsyche 
MoTanna  ~ 
Mystacides 
Oecetis 
Leptocella 

9 

12 

1 

1 

7 
2 

2 

1 

2 

3 

4 

1 

FLIES 

Simulium 

Palpomyia 
TenciiD-adTdae 

1 

? 

1 

24 

399 

1 
5 

1 
2 

137 

BEETLES 
Oreodytes 
Berosus 
Dytiscidae 
Un  laent  ITIe  d 
adults 

11 

4 

1 
1 

5 
2 

13 

1 
3 

HEMIPTERA 
Corixidae 

2 

i 

1 

9 

AMPKIPODS 
Hyallela 

14 

MOLLUSCS 

Pisidium 

Snhaerium 

5 

2 

SLUDGEWORMS 

Unidentified 

MITES 

Unidentified 


1 
1 


1 
1 


TRICTADG 
Phage  j at a 


Table  4. 


Taxa 


Specimens  collected  at  20  stations  on  Junction  Creek  and  tributaries  in  the  Sudbury 
area  in  June,  1955.   Mo  animals  were  collected  at  stations  J9a,  J9b,  Jll  and  J14. 

Collecting  methods  are  outlined  in  the  text  of  the  report. __ . 

Stations 


Jl   J2   J3   J<   J5   Jo   J3 


J10  Jl2a  Jl?b  Jl3a  J13  J1S  J19  R01  R02  MPl  MS2  MB 3  ME4 


MAYFLIES 
Caenis 
Centrootilum 


13 


laddisflies 

Polycentropus 

Trianenoaes" 
Cheuraatopsyche 
Limnephilus 
Pycnopsycne 


17 


25 


DRAGONFLIE3 
Gomphus 


DAMSELFLIE3 
Enallagma 
Ischnura 
iJehalennia 


12 
2    1 

1 


FLIES 
Dixa 

Tendipedidae 
Palpoiayia 
Ephydridae 
Tipulidae 
Chrysops 


9   47   76 

1 
1       i 

1 


5   38 


74 


27 


55  522   18   28  138  ;  43    1   10 
1 


BEETLES 
Oreodytes 
Hydroporus 
Dineutus 

Rhantus 

Unidentified 

adults  . 
Laccophilus 

Agabus 
Loptotomus 
Cypnon 
T5r*ap"Hod.erus. 


25   42 

3 

1 


3   45 


a 
I 


10 


5 

1 


2   4    3 

2 

3 


Table  4,   (continued) 


Statxons 
Taxa Jl   J2   J3   J4   J5   J5   J8    J10   J12a  Jl2b  Jl3a  J13  Ji8  J19  ROl  RQ2  ME1  MS 2  K33  ME4 

BUGS 

Notonecta  1  1  2 

CorT^iaii  ?  13  254  49    2 


Saldidae 

MOLLUSCS 

Pisidium  2 

r  _  75 

CKAY?~SH 
Orccr.ectes 

SLOTS  E!\*QHM5 

Unidentified  29        7  1  14      266        2  7  17 

MITES 

Unidentified  1U 


7 


